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ROLE OF SCHISTOSOMIASIS IN THE ETIOLOGY OF 
CANCER OF THE LIVER IN THE CHINESE 

PHILIP H HARTZ, MD 
Pathologist of the Public Health Service 

CURACAO, NETHERLANDS WEST INDIES 


Discussing the causes of livei cell cancer in a 
paper on primal y neoplasms of the liver, Warvi 1 
expressed the opinion that the increased inci- 
dence of this type of tumor m the Chinese ap- 
pears to be connected with the frequent occui- 
rence of cirrhosis secondary to schistosomiasis 
in this race His opinion is piobably based on 
reports of cases in which schistosomiasis, cir- 
„ lhosis of the liver and livei cell cancer occuired 
m the same patient However before an etio- 
logic relationship between schistosomiasis, on 
one side, and cirrhosis and h\er cell cancer, on 
the other side, can be assumed, the occuirence 
of the two diseases last mentioned without schis- 
tosomiasis with the same frequency in Chinese 
must be excluded This can be effected by the 
postmortem examination of a large number of 
Chinese who are living in countnes or regions 
where schistosomiasis does not occur 

Such investigations have been carried out by 
i several Dutch pathologists working m Java and 
Sumatia and who, incidentally, were the first to 
point to the increased incidence of liver cell 
> cancer m the Chinese and the Javanese 2 In 
Java and Sumatia autochthonous schistosomiasis 
and clonorchiosis do not occur, 3 and both islands, 
especially Java, have a laige Chinese population, 
part of which has been living on the islands for 
many generations 

Bonne and others, 4 surveying 2,362 autopsies 
on Chinese men dying m Java and Sumatra, 
noted cirrhosis of the liver was pi esent in 5 8 
per cent , in 14 per cent liver cell cancer was 
, the cause of death In 32, piobably all ltnmi- 
giants fiom China infection with Schistosoma 

l 

1 Warvi, W N Arch Path 37 367, 1944 

2 Smjders, E P , and Straub, M Geneesk ti]d- 
schr v Nederl -Indie 61 625, 1921 

3 Bonne, C Am J Cancer 25 811, 1935 

, 4 Bonne, C, and others Geneesk tijdschr v 

Nederl -Indie 71 506, 1931 


(7 cases) and Clonorchis (25 cases) was noted 
Real cnrhosis tvas absent in most cases, though, 
as the authois remat ked, Laennec’s cirrhosis 
does not piotect against infection with Schisto- 
soma 

In none of these cases was death caused by 
the helminthic infection and no liver cell cancel 
w r as found m this group Of 44 persons with 
caicmoma coming to autopsy among Chinese 
m Batavia, 14, or 31 per cent, had primary 
cancer of the liver In none of these was there 
schistosomiasis The incidence of cirihosis and 
primal y cancer of the livei in the Javanese 
and the Mala>ans, who are living under the 
same conditions and are certainly free fi om schis- 
tosomiasis, is en greater 5 Tull, 0 working m 
Smgapoie, observed flukes m most of his pa- 
tients, but this can be explained by the fact that 
among the Chinese population of Smgapoie 
there aie many more immigrants from Southern 
China, where schistosomiasis is frequent 

Accoi dmg to Snapper, 7 cirrhosis of the liver is 
extiemely frequent m North China, where 
schistosomiasis is not indigenous In a small 
sei les of autopsies’ in Peiping, primary liver cell 
cancer constituted 6 2 per- cent of all cancel s , 
m comparison with the West this is still a high 
incidence 

In Cuiacao, in the Netherlands West Indies 
I found 5 cases of liver cell cancel m 33 autopsies 
on Chinese men during eight years In none of 
these 33 cases was there clinical, gross or micro- 
scopic evidence of schistosomiasis In the same 
period m 1,350 autopsies on Negroes and white 

5 Bonne, C Am J Cancer 30 435, 1937, foot- 
note 3 

6 Tull, J C J Path & Bact 35 557, 1932, cited 
by Warvi 1 

7 Snapper, I Chinese Lessons to Western Medi- 
cine, New York, Interscience Publishers, Inc , 1941 
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people liver cell cancer was observed only in 3 
and hepatic cancer of the bile duct type only 
in 1 One biopsy specimen fiom a tumor of the 
liver proved to be liver cell cancer My obsei- 
vations parallel those of Strong and Pitts 8 but 
cannot be used as evidence foi an etiologic rela- 

8 Strong, G F, and Pitts, H H Arch Int Med 
46 105, 1930, cited by Snapper 7 and Warvi 1 


tionship between schistosomiasis and liver cell 
cancer 

The only conclusion that I can diaw from the 
foregoing figures is that I fully agree with 
Bonne 5 m his statement that schistosomiasis 
does not play a role in the etiology of liver cell 
cancer m the Chinese “ helminthic in- 

fections of the livei are out of the problem” 
(Bonne) 



EXPERIMENTAL HAPLOSPORANGIUM INFECTION 


L L ASHBURN, MD 
Surgeon, United States Public Health Service 
AND 

C W EMMONS, PhD 

Principal Mycologist, United States Public Health Service 

BETHESDA. MD 


During the course of field studies of coccidioi- 
domycosis, 151 strains of Haplosporangium 
parvum and 35 strains of Coccidioides immitis 
were isolated fi ora the lungs of naturally infected 
wild rodents In subsequent laboratory studies 
the relationship of H parvum to coccidioidomy- 
cosis has been investigated The strains of this 
fungus differed m such details as colony type, 
abundance of comdia and virulence in experi- 
mentally infected animals White mice were 
inoculated with representative strains, and 2 of 
these, nos 1093 and 234, which produced many 
comdia and seemed to be relatively virulent, were 
selected for use m further studies In an earlier 
leport the production of lesions in white mice 
experimentally infected with this fungus was 
mentioned It is the purpose of this paper to 
describe the experimentally produced lesions in 
more detail 

Haplosporangium exhibited a rather low de- 
giee of virulence, and early experiments were 
therefore directed toward an attempt to repro- 
duce the mycosis in laboratory animals by what- 
ever method showed most promise of success 

PROCEDURES 

Intraperitoneal introduction of spores was not suc- 
cessful m producing infections Since the naturally 
occurring disease m wild mice was pulmonary, attempts 
were made to introduce spores directly into the lungs 
by forcing the animals to inhale dry spores, by injecting 
a suspension of spores through the thoracic wall into 
the lung, by intracardial injection and by dropping a 
suspension of spores into the nose In the inoculation 
of mice the last-named method was the most successful 
Mice anesthetized with ether were held ventral side up 
with the head slightly elevated, and the suspension of 
spores was dropped over the nostrils If the proper 
degree of anesthesia was reached, this method was uni- 
formly successful 

Repeated exposure seems to be an important factor 
in the development of many mycoses and undoubtedly 
occurs in the case of Haplosporangium infection in wild 
mice under natural field conditions Most of the experi- 
mentally infected mice were therefore given repeated 

From the Pathology Laboratory and the Division of 
Infectious Diseases, National Institute of Health 


mtranasal inoculations in an attempt to produce pro- 
gressive infection The effect of reinoculation was inves- 
tigated systematically in two series of mice consisting 
of 96 and 104 animals, respectively In each series all 
animals were given a preliminary mtranasal inoculation, 
the inoculums being kept as nearly uniform m size as 
possible After an interval varying from one to six 
weeks a second inoculation was given to about 75 per 
cent of the mice Animals were killed at suitable inter- 
vals to determine the extent of the resulting infection 
A single mtranasal inoculation was sufficient to produce 
characteristic pulmonary lesions These were visible on 
postmortem examination as gray to yellowish, flat or 
slightly raised, irregularly limited areas, their location 
and extent depending probably on the amount of inocu- 
lum actually entering the lung and the route it followed 

GROSS LESIONS PRODUCED 

In many animals killed several weeks after 
inoculation, minute, yellowish white, discrete, 
slightly raised lesions were found These appar- 
ently were lesions which developed around 
cells of the fungus after the resolution of the 
primary reaction which often followed the intro- 
duction of the suspension of spores into the lung 
The histologic structure of these lesions will be 
described m a later section Lesions of similar 
type and extent weie found in animals receiving 
one and two inoculations, but in some cases the 
reinoculation apparently increased the seventy 
and the extent of the infection No correlation 
was found between the interval elapsing between 
the first and the second inoculation and differ- 
ences m the type and the extent of lesions 

PROTECTIVE EFFECT 

The close association of Haplospoiangium in- 
fection with pulmonary coccidioidomycosis m 
certain species of wild rodents m Arizona, 111 the 
low virulence of H parvum in experimentally 
infected white mice and the chronic nature of 
the infection produced m these animals suggested 
that it would be worth while to determine 
whether an initial infection with H parvum 

1 ( a ) Emmons, C W, and Ashburn, L L Pub 
Health Rep 57 1715-1727, 1942 (b) Ashburn, L L, 

and Emmons, C W Arch Path 34 791-800, 1942 


3 



4 


ARCHIVES OF PATHOLOGY 


would protect mice against subsequent exposure 
to C lmnutis In order to test this point, 33 
white mice and white-footed mice (Peromyscus 
leucopus) were inoculated mtranasally with H 
parvum and after an interval of three weeks w f ere 
inoculated mtraperitoneally with an estimated 
dose of 11,000 spores of C lmnutis The strain 
of C lmmitis used had been isolated from a pocket 
mouse (Perognathus bailey i) found spontane- 
ously infected m Arizona It as Avell as the 
other rodent strains of this fungus, had been 
compared with strains isolated from man and 
were found to be typical of the sp'ecies m viru- 
lence and other characteristics All but 2 of the 
Perom) r scus mice died with typical coccidioidomy- 
cosis w’ltlun two weeks aftei being inoculated 
w ith C nnmitis All but 6 of the white mice died 
fiom two to six weeks after that inoculation, the 
remaining 6 being put to death at that time 
All showed lesions typical of coccidioidomycosis 
A.s a control in this experiment, 19 mice w'ere 
given the same dose of spores of Coccidioides 
without having had a preluninaiy infection with 
Haplosporangium The progress of coccidioido- 
mycosis m these control mice w'as the same as 
m the animals inoculated with both fungi Simi- 
lar results w^ere obtained in a repetition of the 
experiment There w'as no evidence that a pre- 
vious exposuie to H parvum altered the resis- 
tance of mice experimentally infected w'lth C 
nnmitis 

LABORATORY ANIMALS LSED 

Ii paivum produces in white mice pulmonaiy 
lesions which aie like some of those found in 
naturally infected wild mice, but we have not 
yet succeeded m producing in these mice granu- 
lomas of the type found m some of the wild 
mice from which H parvum only was isolated 
The fungus, so fai as pi esent studies have shown, 
does not multiply withm the body of the experi- 
mentally infected animal but undergoes a limited 
development, as described m the section on 
pathology We have therefore attempted to find 
a laboi atoiy animal more susceptible than the 
white mouse 

A few wild rodents (Perognathus bailey i, Perog- 
nathus mtermedius, Perognathus penicillatus, Dipodomys 
merriami, Dipodomys spectabilis) were brought to the 
laboratory from the field stations and experimentally 
infected Experimental studies involving these animals 
w ere inconclusive, and additional specimens have not 
been available for use Hamsters and cotton rats were 
inoculated mtranasally and guinea pigs intracardially, 
but these species appeared to be more resistant than 
white mice In guinea pigs the fungus was observed 
b\ microscopic examination in the spleen, which was 
email, and in the lungs and kidnevs, which grossly 
showed no abnormalities The fungus was recovered in 
culture of material from guinea pigs hilled one month 
after intracardial inoculation, but many of the fungous 


cells showed degenerative changes and in animals saved 
for a longer period the fungus, although it could be 
found in sections of the lungs and the spleen, was no 
longer viable as determined by culture Intratesticular 
inoculation of guinea pigs caused local inflammatory 
reactions and atrophy of the testicle but no progressive 
infection Four goats were inoculated by dropping a 
suspension of spores into the glottis while they were 
under anesthesia induced with pentobarbital sodium and 
were reinoculated two weeks later by transpleural pul- 
monary inoculation None of the animals showed pulmo- 
nary lesions Attempts to produce lesions in 2 monkeys 
by mtranasal instillations were not successful, but an- 
other monkey which received repeated inoculations of 
spore suspensions through the wall of the chest showed 
extensive changes, to be discussed in the section on 
pathology Another monkey which received fungous 
spores by both routes also showed pulmonary lesions 

In tbe study of experimental H parvum infec- 
tion m white mice, approximately 200 of these 
animals have been examined histologically 
How ever, tbe following description of tbe lesions 
produced is based largely on those observed in 
a group of 41 mice inoculated with strain 1093 
Approximately half of this group received one 
inoculation , the other half received a second 
inoculation two weeks after the first Since there 
was no recognized difference either in the extent 
or the character of tbe lesions or m the number 
of cells of the fungus between the group receiv- 
ing only one inoculation and the group which 
received two inoculations, all 41 animals were 
used in studying tbe genesis of the pulmonary 
lesions Gioups of the animals weie killed one, 
two, four, and five months after the original in- 
oculation For a description of earliei lesions 
(under one month), mice inoculated with fungous 
strain 1093 but from another experimental group 
w r ere studied 

HISTOLOGIC OBSERVATIONS 

The lungs of some mice examined fiom two 
to three w'eeks after mtranasal inoculation 
showed a very few, quite small collections of 
mononuclear cells enclosing single spherical cells 
of the fungus, ranging m diameter from 5 to 10 
microns The w r all of the fungous cell w'as lef tac- 
tile, thin and unstained, and the cytoplasm was 
basophilic and of uneven density, though not dis- 
tinctly vacuolated Other mice m this period 
showed pulmonary lesions as well developed 
and fungous cells as large as those seen in ani- 
mals killed after one month In the mice exam- 
ined a month after inoculation, many cells of the 
fungus were seen, and most of them ranged 
from 25 to 30 microns m diameter The walls 
of these fungous cells measured 3 to 4 microns 
m thickness and were oxyphilic and slightly 
anisotropic The cytoplasm was less basophilic 
and less dense than that of the small fungous cells 
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lung of a mouse four months after inoculation with spores of H parvum, showing a group of granulomas 
and cellular infiltration of intervening tissue , X 90 

B, group of granulomas in the lung of a monkey killed three months after transpleural pulmonary inoculation 
of H parvum , X 75 

C, lung of a mouse showing two cells of the fungus in different stages of growth , X 300 This mouse 
received two inoculations four weeks apart 

D, larger lesion from the same lung shown in B , X 85 

£, portion of a large mononuclear cell granuloma with centrally located cell of H parvum , X 430 

F, details of a cell of H parvum m a granuloma, X 575 The nucleus and the nucleolus are distinct Note 
t ie clustering of polymorphonuclear leukocytes around the fungus 

5 
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seen in some mice killed after two to three 
w eeks Numerous globules of fat were present in 
most fungous cells seen m animals killed one 
month or longer after inoculation In tissue fixed 
in a solution of formaldehyde the cytoplasm of 
the fungus often appeared thready, granulai or 
vacuolated Some of the lungs were fixed in 
Bourn’s fluid, dehydrated and infiltrated slowly 
with paraffin In these, the cytoplasm of the 
fungus was more homogeneous Most cells of 
the fungus, particularly if serial sections were 
made, showed a single oxyphilic nucleus, langmg 
from 5 to 7 microns m diameter, with a baso- 
philic nucleolus, measuring 1 9 to 2 5 microns in 
diameter A number of these large cells of the 
fungus were surrounded by a single layer of 
laige mononuclear cells Others were set in 
cellular nodules up to 100 microns in diameter, 
formed mainly of large mononuclear cells but 
showing also small numbers of lymphocytes 
Rarely a few neutrophils separated the fungous 
cell from the enclosing mononuclear cells Giant 
cells were rarely seen in such nodules The 
fungous cells and cellular nodules were most 
numerous in the hilar portion of the lobe In the 
few animals where they were fairly numerous, 
this area often showed the nodules touching one 
another or the alveoli between them filled with 
quite large mononuclear cells and a few lriegu- 
larly scattered lymphocytes and neutiophils A 
staking observation m these lungs was that of 
thick perivascular collars of lymphocytes These 
lvmphocytes were fairly densely packed and the 
collars of cells were sharply limited marginally 
This infiltration was most pronounced around 
the larger vessels toward the lulus It was also 
seen commonly in other areas, both adjacent to 
and distant from mononuclear cell nodules 
In the lungs of mice killed two months after 
inoculation, a few fungous cells were surrounded 
by only a single row of mononuclear cells, but 
generally the nodules were slightly larger than 
those seen aftei one month Giant cells abutting 
on oi enclosing the cells of the fungus were more 
fiequent, and clusters of polymoiphonuclears 
around the fungous cells were present in many 
nodules In most instances a single cell of 
the fungus was seen at the center of the cellular 
nodule, however, larger, irregularl) shaped 
monocytic masses were present which contained 
three or four irregularly placed fungous cells 
In such a lesion 1) mphocytes and polymorpho- 
nuclears w ere sometimes fairly numerous 
L\ mphoc\ tes usualh \\ ere most numerous at 
the periphery of the lesions , rarely the nodules 
were formed almost entirety of these cells The 
cells of the fungus weie generally slightly larger. 


occasionally measuimg 40 microns The walls 
of the fungous cells were also thicker and not 
infrequently had an outer basophilic lamina 
This layer was sharply limited from the inner 
oxyphilic portion and generally was of even 
thickness, although occasionally a knobby ex- 
crescence was seen 

The pulmonary lesions of mice killed four 
months after inoculation were similar to those 
in mice killed after two months However, the 
mononuclear cell masses enclosing the cells of the 
fungus showed less variation in size Often they 
measured 200 microns and fungous cells sur- 
rounded only by a single row of mononucleai 
cells were rare The cells comprising the nodules 
generally had much cytoplasm, which in many 
instances showed marked fine (foamy) vacuola- 
tion Multmucleated giant cells, often com- 
pletely enclosing the fungous cells, were seen with 
considerable regularity In some animals they 
were present m practically all nodules, and occa- 
sionally a number of giant cells formed the bulk 
of an individual lesion Polymorphonuclear 
leukocytes were present in greater numbers 
around the cells of the fungus and were almost 
constantly present Occasionally a nodule was 
formed of about equal numbers of polymorpho- 
nuclears and mononuclears, completely intei - 
mingled Perivascular lymphocyte infiltration 
was still prominent four months after inocula- 
tion and the apparent fusion of nodules, due 
to the presence of large mononuclears in mter- 
nodular alveoli, was more striking In some mice 
the medial half of one or more pulmonary lobes 
was largely “consolidated” in this manner Oc- 
casionally (2 of 9 mice) there was slight to 
model ate deposition of collagen fibers m the 
outer part of the nodules Heie, concentrically 
arranged spindle-shaped fibroblasts were seen, 
giving more definite circumscription to the 
nodules than is usually observed The cells of the 
fungus showed no further increase m size, but 
their walls were thicker The basophilic outer 
lamina generally was of greater thickness than 
obseived earlier and more uneven, and in the 
process of sectioning the tissue this outer lajer 
was sometimes fractured In a few animals the 
walls of most fungous cells were entirely ba- 
sophilic, but the cytoplasm generally was not l ec- 
ogmzably altered Rarely the cytoplasm was 
oxyphilic and apparently necrotic The thick 
walls of a number of the fungous cells seen at 
various intervals, but most often between two and 
four months, appeared to be formed of from two 
to four concentric layers, each exhibiting a dis- 
tinct!}' different degree of oxyphiha 
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The degree of involvement and the appearance 
of the lesions m the lungs of mice killed five 
months after inoculation showed little change 
from what was seen at four months Although 
an occasional necrotic fungous cell was seen, thei e 
was no apparent significant reduction in their 
number nor any lessening of reaction to them 

Minor alterations were occasionally observed 
in other organs These appeared unrelated to the 
experimental infection 

In an experiment using strain 234 of H par- 
vum as the source of the inoculum, 18 mice 
received only one inoculation A single fungous 
cell was seen in the lungs of 1 of these animals 
Of 20 mice receiving a second inoculation two 
w eeks after the first, 4 showed involvement simi- 
lar to that following inoculation with strain 1093 
In 1 mouse the lesions were extensive 

The 2 monkeys given spores of the fungus by 
intranasal instillation showed no pulmonary 
lesions However, a monkey receiving the spores 
by transpleural pulmonary inoculation showed 
extensive involvement of the inoculated right 
lung and similar but less extensive involvement 
of the left This monkey was killed ninety days 
after inoculation The alveolar structure of the 
lung was almost completely obliterated by thick- 
ening of septums resulting from cellular infiltra- 
tion, mainly lymphocytes and plasma cells In 
such areas granulomas up to 400 microns (aver- 
age about 200 microns) were numerous The 
granulomas were formed mainly of polygonal 
epithelioid cells and usually showed one, occa- 
sionally more, large giant cells (one measured 
300 microns) The visceral, parietal and inter- 
lobar pleura on the right side was thickened, 
fibrous and adherent and showed numerous 
granulomas There were present in the peri- 
bronchial and mediastinal lymph nodes scattered 
granulomas similar to those in the lung 
Another monkey was given a suspension of 
spores by nose and after a lapse of one hundred 
and eighteen days a similar suspension by trans- 
pleural pulmonary inoculation , it was killed 
thirty-five days later The pulmonary infection 
was essentially similar to that just described 
However, the granulomas appeared older Many 
of the epithelioid cells were spindle shaped, the 
giant cells were smaller and more numerous, and 
there was moderate fibrosis m a number of the 
lesions Moreover, most of the cells of the 
fungus were dead, empty fungous capsules being 
fairly numerous This would suggest that most 
of the granulomas resulted from the mtranasal 
inoculation rather than the transpleural pul- 
monary inoculation done thirty-five days before 
death 


COMMENT 

The description of the lesions produced by H 
parvum in the lungs of mice and monkeys has 
been given in some detail to show that the reac- 
tion is progressive for a period of four to five 
months, and for the purpose of comparing them 
with the spontaneous lesions occurring in wild 
rodents It is true that there is no evidence to 
show that propagation of the fungus took place 
in the experimental animals, and in that sense a 
progressive infection was not produced It is 
evident that the fungus undergoes considerable 
growth, remains viable for a lengthy period and 
produces a considerable reaction Although 
serial sections were not made, the examination 
of thousands of experimentally produced granu- 
lomas indicates that each individual lesion usually 
results from a single fungous cell located near its 
center That the lesion is more than a foreign 
body reaction is indicated by a number of fea- 
tures First, a pneumonic reaction occurs in 
some animals shortly after the introduction of 
the spores (killed spores introduced in a similar 
manner failed to produce lesions) Second, a 
marked perivascular lymphocyte infiltration oc- 
curs not only m the area of the granulomas but 
at some distance from them, not infrequently in 
areas which show no other alteration Third, 
the polymorphonuclear leukocyte infiltration is 
prominent in some of the granulomas, particu- 
larly immediately adjacent to the cells of the fun- 
gus, and m the older lesions Lastly, the lesiohs 
exhibit a slow but steady growth for four or five 
months 

In the description of the fungous cells, the 
thickness of the wall was given and various' 
oxyphilic and basophilic layers were mentioned 
This separation into different layers on the basis 
of staining properties is likely artificial and prob- 
ably represents only a variation in the p H level of 
different portions of the wall However, it is 
possible that part of the apparent wall is con- 
tributed by the surrounding animal tissue This 
wall swells to an unusual degree when lung tissue 
containing the fungus is macerated and mounted 
in 10 per cent sodium hydroxide 

It is of interest to compare briefly the lesions 
seen in the experimental animals with those 
occurring m naturally infected wild rodents In 
earlier publications 1 two types of lesions were 
described One type was a small, irregularly 
shaped collection of large mononuclears usually 
enclosing only one cell of the fungus A second 
type was characterized by well organized granu- 
lomas up to 2 mm m diameter, usually con- 
taining numerous cells of the fungus The latter 
type of lesion was not reproduced in the expen- 
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mental animal We suggest that this was due 
to the failure of the fungus to propagate in the 
lungs of the experimental animal This belief 
is supported by certain observations in the study 
of the naturally infected wild mice (Perogna- 
thus) Evidence piesented pieviously 1 ” indi- 
cates that the fungous cells in some of these 
granulomas were the progeny of H parvum In 
a few of the natuially infected wild mice showing 
well formed granulomas with abundant fungous 
cells, there occuried small (up to 200 microns) 
satellite nodules in contact with the wall of the 
larger granuloma These small nodules re- 
sembled in many respects the gianulomatous 
lesions seen experimentally Likewise they weie 
formed around single, centrally located fungous 
cells 

Endosporulation m Haplosporangium has not 
been observed m experimentally infected mice, and 
there appears to be a discrepancy m this respect 
between the field and the experimental data 
which we have not yet been able to explain Endo- 
sporulating fungous cells which closely resembled 
Coccidioides were found in the sectioned lungs 
of naturally infected Perognathus From some 
of these animals Haplosporangium only was iso- 
lated from the portion of lung cultured Further 
Haplosporangium only was isolated from 18 
Perognathus mice presenting gianulomas, most 
of which contained numeious laige fungous cells 
which were not sporulatmg but presumably were 
the result of earlier endosporulation It is pos- 
sible that in these, as in some cases observed, 
an animal was infected by both fungi and that 
the portion of lung cultured contained only 
lesions caused by Haplosporangium, while con- 
versely the poi tion sectioned contained only 
lesions caused by Coccidioides It seems more 
probable, however, that in the lungs of Perogna- 
thus Haplosporangium actually leproduces by 
endosporulation in a manner sinulai to that 
of Coccidioides These rodents, as pieviouslj- 
pointed out, appear to beai an unusual host- 
paiasite relationship to Coccidioides, and it is 
reasonable to suppose that their adjustment to 
the infection resulting from inhalation of comdia 
of Haplosporangium also diffeis from that of the 
laboratory animals we have examined It is 
probable, in view of the type of lesions already 
produced in experimental animals, that if a more 
suitable animal can be found or it the suscepti- 


bility ot expei imentally infected white mice can 
be increased, the life cycle of Haplospoiangium 
in experimentally infected animals can be com- 
pleted 

SUMMARY 

Of all the animals experimentally infected w ith 
H parvum (mice, guinea pigs, lats, monkeys, 
hamsters and goats), mice appeared to be the 
most satisfactory and were used in the stud) 
of lesions produced by this fungus Intranasal 
instillation of a suspension of spores was the in- 
oculation method of choice In mice killed two 
w^eeks after inoculation the pulmonary lesions 
w'ere small and foimed of compactly disposed 
large mononuclear cells Such a lesion enclosed a 
single round cell of the fungus, measuring 5 to 
10 microns in diameter In animals killed one 
month after inoculation the lesions measured up 
to 100 microns and w r ere formed largely of mono- 
nuclear cells with a few lymphocytes and poly- 
morphonuclear leukocytes The fungous cells 
measured 25 to 30 microns and had fairly homo- 
geneous basophilic cytoplasm Each fungous 
cell exhibited a single nucleus and a distinct 
nucleolus Mice were studied at intervals up to 
five months after inoculation Fiom these it 
w'as evident that the lesions grew slowly foi 
about foui months The individual lesion at 
this stage u r as geneially round, fan I) distinct 
marginally and measuied up to 200 nucions 
Giant cells, which appeared earlier, were fault 
numerous at foui months Fungous cells up to 
35 microns u f ere frequently seen and had thick 
w r alls, often appearing laminated Evidence ot 
propagation of the fungus in the tissue w r as not 
observed 

The lesions occuned most often m the medial 
half of the pulmonary lobes, and this portion 
was often consolidated by contiguous oi closeh 
grouped granulomas and had an exudate of large 
mononuclear cells m the intervening alveoli 
Organs other than lungs showed no lesions 
which appeared related to the experimental in- 
fection 

An experiment planned to permit study of 
a possible immunologic lelationslnp between H 
parvum and C immitis showed that mice inocu- 
lated with H parvum w r ere as susceptible to 
C immitis, when inoculated three w r eeks later, 
as were control mice 



PANCREATIC NECROSIS IN ELECTRIC SHOCK 
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During the past yeai 3 cases of extensive pan- 
creatic necrosis associated with fatal electric 
shock have been studied Most articles on this 
subject do not mention pancreatic changes 
Jaffe 1 in an excellent review of electropathology 
made no mention of them, nor is there any ref- 
erence to pancreatic changes m electric shock in 
MacCalluin’s 2 “Textbook of Pathology ” An 
extensive article by Sirolh, 3 however, does de- 
scribe similar changes in animals dying of elec- 
tnc shock 


REPORT OF CASES 

Case 1 — A soldier was telephoning during an electric 
storm June 10, 1943 He suddenly called out, “I have 
been struck,” then walked out of the tent and collapsed 
He was given stimulants and artificial respiration but 
died almost immediately An autopsy was made four 
hours after death The pancreas was of normal size 
and shape Its head and neck appeared normal Its 
body and tail, however, were extremely flabby and on 
section appeared slightly duller than normal and 
markedlj congested Microscopic sections of the pan- 
creas showed marked \anations Some areas presented 



Photomicrographs of pancreas showing various degrees of necrosis without cellular reaction Hematoxylin and 
eosin, paraffin sections, X 100 


In view of the fiequency of electric shock of a 
major or minor degree, wider recognition of 
possible pancreatic necrosis is indicated In non- 
fatal cases minor pancreatic changes may occui, 
which could be determined by studies of serum 
amylase Awareness of this possibility is im- 
portant for early diagnosis and treatment and for 
the recognition of possible late sequelae Minoi 
pancreatic changes may give no immediate 
symptoms but may later cause pancreatic insuf- 
ficiency This is especially important in mdus- 
tual cases from a medicolegal standpoint 

1 Jaffe, R H Arch Path 5 837, 1928 

2 MacCallum W G A Textbook of Pathologj, 
ed 7, Philadelphia, W B Saunders Company 1940 

3 Sirolh, M Arch ital di chir 33 333, 1933 


normal tissue, some slight necrosis with loss of nuclear 
structure and disintegration of cellular boundaries, and 

S me complete necrosis with total loss of normal struc- 
re and without cellular reaction (fig 1) There 
were also areas of apparent hemorrhage The other 
abnormalities of note were extensive burns of the skin, 
focal areas of hemorrhage in the myocardium and the 
epicardium, focal areas of hemorrhage m the lungs and 
extreme congestion of the kidneys, the spleen, the brain 
and the adrenal medulla 

Case 2 — A soldier was standing guard July 19, 1943 
during an electric storm A terrific burst of lightning 
occurred, and he was seen to lean against a barbed wire 
fence A moan was heard, and on examination two or 
three minutes later he was pulseless and not breathing 
All types of stimulants and prolonged artificial respira- 
tion were given to no avail An autopsy was performed 
sixteen hours later, the body having been placed in a 
refrigerator immediately after death The pancreas 
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was of normal size and shape Its head, neck and body 
were normal Its tail, however, was much flabbier and 
duller than normal and on section was markedly con- 
gested Microscopic sections of tissue from the head, 
the neck and the body were normal Sections from the 
tail presented extensive hemorrhage with extensive ap- 
parent coagulation necrosis without any cellular reac- 
tion (fig 2) The other changes of note were extensive 
acute congestion of all sections of the central nervous 
system with slight to moderate perivascular hemorrhage 

Case 3 — A soldier was found dead in a bathtub on 
May 27, 1944 It was surmised that while taking a 
bath he attempted to plug in a radio at a wall outlet 
and was electrocuted An autopsy was performed eight 
hours later, the body having been placed in a refriger- 


ator The pancreas was of normal size and shape The 
entire pancreas was extremely flabby and duller than 
normal The cut surface was congested and had a 
speckled appearance, which was most marked in the 
tail Microscopically, the pancreas presented areas of 
slight, moderate and complete necrosis without cellular 
reaction There were also areas of slight hemorrhage 
(fig 3) The other alterations of note were acute 
congestion of the central nervous system with focal 
areas of perivascular hemorrhage 

SUMMARY 

Cases of electric shock in which pancreatic 
necrosis is present are of possible clinical and 
medicolegal significance 



CORRELATION BETWEEN CHEMICAL AND MORPHOLOGIC 
ALTERATIONS IN EXPERIMENTAL ATHEROSCLEROSIS 

O J POLLAK, MD 

TAUNTON, MASS 


The morbid anatomy of the various stages of 
experimental atherosclerosis is well known For 
this knowledge physicians and research workers 
are greatly indebted to Leary 1 It has been 
sufficiently proved that cholesterol is the chief 
causative agent in human as well as m experi- 
mental atherosclerosis 

The results of a study of the correlation 
between the amount of cholesterol ingested, the 
level of the blood cholesterol and the presence 
and the degree of atherosclerotic lesions m 
rabbits are presented 
• 

MATERIAL AND METHODS 

Sixty rabbits, weighing between 2 and 4 Kg , were 
used for the experiment, 40 of these rabbits were fed 
cholesterol, and 20 served as controls There were 
equal numbers of males and females m each group 
The animals were kept on a diet of fresh vegetables 
Each of the cholesterol-fed animals was given daily 
0 5 Gm of powdered cholesterol in a gelatin capsule 2 
Venous blood was drawn weekly in the morning hours 
for the estimation of cholesterol, and Bloor’s 3 method 
adapted for a photoelectric colorimeter was used 

OBSERVATIONS 

The initial level of the blood cholesterol in 60 rabbits 
was between 108 and 170 mg per hundred cubic centi- 
meters, the average was 135 mg There was no appre- 
ciable difference in either sex The maximum individual 
variation of blood cholesterol level in the 20 control 
animals throughout an observation period of three 
months was 55 mg pef hundred cubic centimeters 
The cholesterol-fed animals were divided into three 
groups , 10 received 30 Gm of cholesterol in sixty 
days, 10 others 40 Gm in eighty days and 20 received 
50 Gm m one hundred days The animals were killed 
after the termination of their feeding period, the con- 
trols, at the end of the experiment 
A study of the weekly blood cholesterol values of 
each rabbit revealed considerable variation from one 
animal to another Those with similar blood choles- 

From the Research Division of the Taunton State 
Hospital 

This work was aided by a grant from the Depart- 
ment of Mental Health of the Commonwealth of Massa- 
chusetts for research m arteriosclerosis This paper is 
the first of a series 

1 Leary, T Arch Path 17 453, 1934, 32 507, 
*941,37 16, 1944 

2 Poliak, O J Arch Path 37 337, 1944 

3 Bloor, W R J Biol Chem 24 22 7 , 1916 


terol curves were combined and placed into four distinct 
groups (A, B, C and D) 

Group A (fig 1) consisted of 7 rabbits (17 5 per 
cent of all 40 cholesterol-fed animals), 3 males (15 
per cent of 20 males) and 4 females (20 per cent of 
20 females) The blood cholesterol curves for the 
sexes were alike There was a slow gradual rise which 
after five weeks reached a low maxmium of about 
400 mg per hundred cubic centimeters From this 
maximum point the curve fell, and at the end of twelve 
weeks the blood cholesterol value was normal 

Group B (fig 2) consisted of 14 rabbits (35 per 
cent), 9 males (45 per cent) and 5 females (25 

per cent) The curves for the sexes were similar 
They rose slowly and steadily and at the end of fifteen 
weeks reached a low maximum of 430 mg per hundred 
cubic centimeters of blood 

Group C (fig 3) consisted of 9 rabbits (22 5 per 

cent), 4 males (20 per cent) and 5 females (25 

per cent) The curves for the sexes were much alike 

There was a comparatively quick rise in the first seven 
weeks, the blood cholesterol reaching about 600 mg 
per hundred cubic centimeters This was followed by a 
temporary slight decline up to the twelfth week In 
the third phase the curves ascended again to the for- 
merly reached maximum 

Group D (fig 4) comprised 10 animals (25 per cent), 
4 males (20 per cent) and 6 females (30 per cent) 
For each sex there was a steep curve which reached 
a first high value of about 700 mg per hundred cubic 
centimeters within six weeks The curve for the females 
continued upward with occasional falls That for the 
males showed a temporary rapid decline which reached 
its lowest point m the ninth week at 500 mg per 
hundred cubic centimeters There was, however, a third 
phase in which the curve for the males again ascended 
to a high level The maximum value which was reached 
at the end of the experiment was over 800 mg m the 
curve for the males and almost 1,000 mg in that for 
the females 

The curves for the first two groups (A and B) and 
those for the second two groups (C and D) had some 
common characteristics The first two curves rose 
slowly and reached a low maximum, the second two 
curves rose faster and reached higher values Group A 
showed an irreversible and group C a temporary drop 
of the values whereas the other two curves showed a 
more or less steady increase The type of initial rise 
was evident from a comparison of the length of time 
between the onset of the experiment and the point at 
which the initial blood cholesterol value was doubled 
It took four weeks for A, three weeks for B and C 
and only two weeks for D On the whole, the curves 
for the sexes were similar The number of female 
rabbits in each of the four groups was almost the same 
There were only 15 per cent of male animals m group 
A , in group B there were 45 per cent, and equal num- 
bers of male animals were present in groups C and D 

Figure 5 represents a summary of the average weekly 
blood cholesterol estimations of all 40 cholesterol-fed 
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rabbits The curves for the sexes, as well as the 
average combined curve for all 40 animals, increased 
gradually with occasional falls Only in the last weeks 
of the experiment were the curves dissimilar The 
blood cholesterol values of the male rabbits ascended 
to a higher level than those of the females 

The graphs included the cholesterol values for all the 
animals regardless of the duration of their feeding 
period A certain number of rabbits were eliminated 
after the intake of 30 or 40 Gm of cholesterol There- 
fore, the first part of each curve presented a summary 
of values for a larger number of animals than did the 
last part 


degree and the extension of the atherosclerotic process 
increased with the intake of cholesterol 
The gross and the microscopic atherosclerotic lesions 
observed in the rabbits were arbitrarily rated according 
to their degree and extension An accumulation of foam 
cells in the subendothehal layer in a single plaque was 
considered the first sign of atherosclerosis (1 degree) 
Thickening of the mtima proper, fraying of the inner 
elastica and involvement of a larger area were indi- 
cations of a more advanced process (2 degrees) 
Further spread of the lesion, the appearance of young 
fibrous tissue progressing from the subintimal layer 
toward the ultima, and hvperplasia of fibrous and elastic 



Fig 1 — Blood cholesterol curves of group A (males ( ) , females ( ) , combined average ( ) 



Fig 2 — Blood cholesterol curves of group B (males ( ), females ( ) combined average ( ) 



Fig 3 Blood cholesterol curves of group C (males ( ) , females ( ) , combined average ( ) 


The type of curve did not depend on the initial blood 
cholesterol value, nor did it depend entirely on the 
amount of cholesterol ingested After an intake of 
30 Gm of cholesterol, the lowest, average and maxi- 
mum blood cholesterol values were 308, 586 and 900 
mg per hundred cubic centimeters, respectively After 
ingestion of 50 Gm 443 mg was the lowest, 761 mg 
the average and 1,216 mg the highest Some rabbits 
had a higher blood cholesterol value after a lower 
intake, others, a relatively lower value after ingestion 
of more cholesterol 

A. relatively large number of rabbits had atheroscle- 
rotic lesions after the intake of 30 Gm of cholesterol, 
while some rabbits did not respond after 50 Gm The 


elements of the media causing thickening of the wall 
represented the next degree of change (3 degrees) 
The highest degree of atherosclerosis encountered in 
the experiments was characterized by involvement of 
a wider area, hyalimzation of the newly formed fibrous 
tissue, mucoid degeneration of the foam cells, relative 
reduction in the depth of the media and marked hyper- 
plasia and fibrosis of the external elastica and adven- 
titia (4 degrees) These four degrees of pathologic 
changes were evident when the photomicrographs of 
the lesions (fig 6 B, C, D and E ) were compared with 
one of the aorta of a control animal (fig 6 A) 

Of 40 cholesterol-fed rabbits, 22 (55 per cent) pre- 
sented various degrees of atherosclerosis Among these 
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there were 12 male and 10 female animals In one half 
of the rabbits sclerotic lesions developed in only one 
location, mostly m the aorta, frequently m the coronary 
vessels, less often in the renal or the carotid arteries 
The other half of the animals had atheromatosis of 
several of the branches of the vascular tree In this 
group the aorta and the carotid arteries were almost 
always involved The degree of atherosclerosis in- 
creased with the extent and the multiplicity of the 
lesions The aorta and the carotid arteries w'ere affected 


cholesterol per hundred cubic centimeters of blood 
There were 5 animals (12 per cent) with blood choles- 
terol values of 788, 795, 846, 870 and 900 mg per 
hundred cubic centimeters, which did not show r the 
slightest sign of atherosclerosis on microscopic exami- 
nation of all organs These rabbits belonged to group 
C, C, D, C and D, respectively 
The accompanying table shows the presence and the 
degree of atherosclerotic changes in the four groups of 
rabbits (A, B, C and D) 



Tig 4 — Blood cholesterol curves of group D (males ( ) , females ( ) , combined average ( - — ) 



Fig 5 — Summary of blood cholesterol values for groups A, B, C and D (males ( ), females ( ), 

combined average ( ) 


twice as frequently as the coronary or the renal vessels 
In two thirds of all animals with sclerotic lesions the 
aorta showed microscopic changes However, only 4 
rabbits presented gross evidence of atherosclerosis in 
the form of yellow streaks and elevated patches in the 
descending aorta 

The first evidence of atherosclerosis was found m a 
rabbit of group A whose maximum blood cholesterol 
value was 300 mg per hundred cubic centimeters The 
highest degree of atherosclerosis visible at gross in- 
spection was found in rabbits with blood cholesterol 
le vels of 615, 846, 1,200 and 1,215 mg per hundred 
cubic centimeters These animals belonged to groups B, 
^ and D, respectively The single rabbit with 
absolute maximal lesions was the one with 615 mg of 


Response of Rabbits to Cholesteiol Feeding 


Babbits with 

Besponse Babbits Showing -\thero 



Total 

Nega 

-* V 

sclerosis of Given Degree 


No of 
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f 


-A 
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Babbits 

tive 

tive 

1° 

2" 

no 

o 

4” 

A 

7 

5 

2 

2 

0 

0 

0 

B 

14 

5 

9 

2 

3 

3 

1 

C 

9 

4 

5 

1 

O 

0 

1 

D 

10 

4 

6 

1 

1 

2 

2 

Totals 

40 

IS 

22 

6 

7 

5 
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The number of rabbits in which atherosclerosis de- 
veloped was small onlv in group A The degree of the 
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Fig 6 A, normal aorta (control) B, C, D and E, degrees 1, 2, 3 and 4 of experimental atherosclerosis of 
the aorta Fixation m solution of formaldehjde, rapid trichrome stain, X 120 
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lesions was moderate This group of animals had a 
temporary and slight increase of the blood cholesterol 
The rabbits of the other groups (B, C and D) showed 
a more uniform reaction as to presence and degree of 
atherosclerosis, although the slope of the three curves 
was different, that is, slowly ascending with a low 
maximum in B, steeper and much higher in C and D 

COMMENT 

Theie ate mdiudual responses of tabbits to 
cholesterol feeding This is obvious fiom the 
distinct types of cuives of the blood cholesterol 
values and from the maximum elevations of 
these cui ves 

While conti ols maintain a constant blood 
cholesterol level, rabbits fed cholesterol show 
hypercholesteiemia The degree of this condi- 
tion depends on the individual response of the 
rabbit rather than on the amount of cholesteiol 
ingested, since animals fed the same amount of 
cholesteiol react diffeiently 

The fact that only a small percentage of 
animals in group A of the series presented 
atherosclerotic lesions can be mterpieted from 
the type of curve An explanation of the ab- 
sence of atherosclerosis in some animals of the 
othei groups (B, C and D) and especially in 
some rabbits whose blood cholesterol reached 
high levels is 1 ather difficult One has to assume 
that there are considerable differences in the 
ability of animals to metabolize cholesterol and 


that this quality is responsible for the variability 
of the length of time of the latent period There 
is a probability that a number of the cholesteiol- 
fed labbits which did not lespond with athero- 
sclerosis would have shown lesions on continua- 
tion of the experiment 

The degree of atheiosclerosis, although sur- 
prisingly high in some animals with relatively 
low blood cholesteiol values, is on the whole 
paiallel with the degree of hypercholesteremia 
and mduectly related to the amount of ingested 
cholesterol 

CONCLUSIONS 

Feeding of cholesteiol to rabbits causes tem- 
poral y 01 peimanent hypercholesteremia of a 
varjmg degree The type of reaction depends 
on the individual ability to metabolize cholesterol 
The more cholesterol ingested the gi eater is the 
piobabihty of hypercholesteremia 

Hypei cholesterenna is not necessarily follow ed 
by atherosclerosis, as the threshold for cho- 
lesterol of the labbits differs from one animal 
to anothei The higher the blood cholesterol 
\alue the moie likely it is that athei osclei osis 
will develop 

Once the defense mechanism is broken and 
atberoscleiosis develops, the degree and the 
extensiveness of the process will mciease with 
the use of the blood cholesterol level 



ATTEMPTS TO PRODUCE CEREBRAL ATHEROSCLEROSIS 


O J POLLAK, MD 

TAUNTON, MASS 


Expei imental production of cholesterol athero- 
sclerosis in rabbits has been frequently reported 
The vast majority of investigators enumerate 
many different sites of sclerotic lesions but fail to 
mention the cerebral vessels 1 The few authors 
who describe the cerebral arteries point out the 
absence of atherosclerosis 2 

The goal of the present study was to produce 
atherosclerosis in the cerebial vessels of choles- 
terol-fed rabbits by impairment of the cerebral 
circulation 


The setup of the experiments is shown m the accom- 
panying table 

Group A were controls for the entire series of rabbits 
No operations were performed on, and no injections 
were given to, these animals As in the other groups, 
4 rabbits were fed cholesterol and 2 were not The 
animals of group B had both internal carotid arteries 
permanently constricted by ligation Group C consisted 
of rabbits which had both jugular veins ligated The 
rabbits of group D had the left internal carotid artery 
and the right jugular vein tied 

The carotid arteries were tied just above their origin 
and the jugular veins at the level of the thyroid gland 
All ligations were performed one week before the choles- 


Outline of Evperiments 





Rabbits Receiving Cholesterol in Given Amount 

Total 






A 

\ 

Number of 

Group 

Ligations * 

Substance Injected 

0 Gm 

30 Gm 

JO Gm 

50 Gm 

Rabbits 

A 



2 

1 

1 

2 

6 

B 

4 4 


2 

1 

1 

2 

6 

C 

VV 


2 

1 

1 

2 

6 

D 

4 V 


2 

1 

1 

2 

G 

E 


Epinephrine hydrochloride 

2 

1 

1 

2 

6 

F 

4 A 

Epinephrine hydrochloride 

2 

1 

1 

o 

G 

G 

4 V 

Epinephrine hydrochloride 

o 

1 

1 

2 

6 

H 


Histamine phosphate 

o 

1 

1 

o 

6 

I 

4 A 

Histamine phosphate 

2 

1 

1 

2 

6 

J 

4 V 

Histamine phosphate 

o 

1 

1 

2 

6 

411 



20 

10 

10 

20 

GO 


* A -V indicates that both carotid arteries were tied W that both jugular \eins were tied 4 V that the left carotid artery 
and the right jugular -vein Mere tied 


MATERIAL AND METHODS 

Each of 40 rabbits was fed daily 0 S Gm of choles- 
terol in a gelatin capsule, 3 and 20 rabbits served as 
controls The animals were kept on a diet of fresh 
\ egetables Of the cholesterol-fed rabbits, 10 received 
30 Gm in sixty days, 10 others 40 Gm in eighty days 
and 20 SO Gm m one hundred day's The animals 
\\ ere killed after the termination of their feeding period , 
the controls, at the end of the experiment There were 
equal numbers of males and females m both groups 


From the Research Diwsion of the Taunton State 
Hospital 

This work was aided by a grant from the Depart- 
ment of Mental Health of the Commonwealth of Massa- 
chusetts, for research in arteriosclerosis The paper is 
the second of the series 

1 Schoenheimer, R Virchows Arch f path Anat 
249 1 , 1924 Leary, T Arch Path 17 453, 1934 

2 Cow dry , E. V Arteriosclerosis A Survey of 
the Problem, New \ ork The Macmillan Company, 
1933, pp 305-306 Duff, G L Arch Path 22 161, 
1936 

3 Polhk, O J Arch Path 37 337, 1944 


terol feeding started There was a high mortality 
following operation on both arteries The animals died 
from convulsive shock immediately after the arteries 
were ligated No death resulted from any other tvpe 
of operation 

Each animal in groups E, F and G received a total 
of 2 56 mg of epinephrine hvdrochlonde m a 1 1,000 
solution Intravascular injections w'ere given above the 
ligatures weekly during the last seven weeks of the 
experimental period The individual doses increased 
gradually from 3 to 9 minims (0 18 to 0 55 cc ) per 
injection The animals in group E were given only 
epinephrine hy'drochlonde Group F rabbits received 
injections and had both carotid arteries tied, and group 
G rabbits had one artery and one vein ligated 

The animals m groups H, I and J were treated in 
every respect the same way as the rabbits in the pre- 
mous 3 groups (E, F, G) with the exception that they 
W'ere given injections of histamine phosphate instead 
of epinephrine hydrochloride 

CLINICAL OBSERVATIONS 

The body weights and temperatures of the rabbits 
w'ere recorded W'eekly , their behavior was constantly 

16 




and'n * — ^ and ^ ’ atherosclerosis of the caiotid artery (X 60) A, below ligature, B, above ligature C, 
B a res P° nse large cerebral vessels to ligation (basilary artery , X 220) A, control animal (no ligation) , 
ar ’ " gening of the vessel, with stretching and thickening of the internal elastica, after ligation of the left carotid 
er .v and the right juglar vein Fixation in solution of formaldefn de , rapid trichrome stain 
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watched, and shortly before their death the eyegrounds 
were examined 

Half of all animals gradually lost weight, mainly 
those with operations on blood vessels The weights 
of the other half remained constant or increased In 
rabbits which were not fed cholesterol a gain of weight 
was more common The rectal temperatures ranged 
between 101 1 and 103 F The rabbits readily ingested 
their food and the cholesterol Some animals were 
resistive at first, but once they learned to devour the 
capsules with cholesterol, no further difficulties were 
encountered The rabbits displayed no obvious ab- 
normal behavior in their cages The rabbits with liga- 
tions of arteries were first excited and later dull, 
probably because of a temporary circulatory distur- 
bance The animals became alert when some one en- 
tered the room, and several snapped at the attendant 
while he fed them The cholesterol-fed rabbits lost 
interest in sex Animals of opposite sex placed in the 
same cage did not approach each other The exami- 
nation of the eyeground did not yield any positive 
observations on retinal vessels 


ammed below and above the ligatures Sections of the 
brains were prepared m such manner as to allow obser- 
vations of all parts of the bram and all the branches 
of the vascular tree Sections were stained with hema 
toxylin and eosm, Weigert’s stain for elastic tissue, 
Poliak’s trichrome stain and Nissl’s stain for nerve 
cells 

The observations largely' support the views of Leary 5 
against other theories c of atherosclerosis Of the 
cholesterol-fed rabbits, 52 per cent had atherosclerotic 
lesions in various locations Typical patches were visible 
in the thoracic aorta in 4 rabbits Microscopically, in- 
volvement of the aorta was observed in 14 animals 
Sclerotic lesions were seen m the carotid arteries of 
10 rabbits, in the coronary 'arteries of 7 and m the 
renal arteries of 6 Occasionally the arteries of the 
spleen, the lung, the pancreas and the testicle showed 
initial sclerosis The degree of atherosclerosis advanced 
with the multiplicity of lesions 

With the exception of the ligation of carotid arteries, 
the operations and the injections did not influence the 



I lg 2 — Response of small cerebral vessels to ligature (intracerebellar artery, X 1,000) A, control animal 
(no ligation) , B, dilatation and hypertrophy of the vessel, edema of the wall and perivascular edema after 
ligation of the left carotid artery and the right jugular vein Fixation in solution of formaldehyde, rapid 
trichrome stain 


Estimations of the cholesterol and the calcium m the 
blood were made weekly for all animals The average 
initial blood cholesterol level was 135 mg per hundred 
cubic centimeters During the observation penod of 
fifteen w-eeks, this value gradually increased to the 
av erage maximum level of 700 mg per hundred cubic 
centimeters A study of the individual responses of 
rabbits to cholesterol feeding was elsewhere reported 
The normal blood calcium range was between 12 and 17 
mg per hundred cubic centimeters, with an average 
' alue of 15 47 mg The serum calcium was estimated 
b\ DeWaard’s method 4 It remained within normal 
limits throughout the entire experiment A drop of 
blood calcium m some of the rabbits given injections 
of epinephrine hy drochloride was not consistent and 
remained within normal limits Neither the operations 
nor the injections influenced the chemical composition 
of the blood 

POSTMORTEM OBSERVATIONS 

All organs and vessels w r ere studied grossly and 
microscopically The vessels of the neck were ex- 


4 DeWaard, D J Biochem Ztschr 97 186, 1919 


localization, the degree or the extent of atherosclerotic 
lesions In rabbits with the carotid arteries ligated, 
atherosclerosis of these vessels was three times as fre- 
quent as in animals without such ligatures, likewise, 
the degree of atherosclerosis was far more severe 
Various stages of atherosclerosis were encountered 
foam cell accumulation in the subendothelial layer of the 
intima, fibrosis of this layer, thickening of the intimal 
endothelium proper, hyaline changes of the fibrotic tis- 
sue, splitting of the internal elastica and secondary 
hypertrophy of the whole arterial wall 

In the rabbits with ligations the vessels of the neck 
showed dilatation and hypertrophy proximal to the ob- 

5 Leary, T Arch Path 32 507, 1941, 37 16, 
1944 

6 Moon, V H Arch Path 3 404 1927 Wmter- 
mtz, M C , Thomas, R M , and LeCompte, P M 
The Biology of Arteriosclerosis, Springfield, 111 > 
Charles C Thomas, Publisher, 1938 Page, I H Ann 
Int Med 14 . 1741, 1941 Moschcovvitz, E Vascular 
Sclerosis with Special Reference to Arteriosclerosis, 
New York, Oxford Umversitv Press, 1942 


F'g 3 — A, recanahzation of a ligated carotid artery, X 110 B, aneurysmatic bulging of the basilary artery 
after ligation of the left carotid artery and of the right jugular vein, X 220 C, cerebral softening and 
beginning of formation of a glial scar after ligation of both carotid arteries, X 220 Fixation m solution of for- 
maldehyde, rapid trichrome stain 


an y of the other vessels (fig 1 A and B) All stages along the whole circumference of the vessel and nar- 
°f atherosclerosis were observed m untouched arteries rowed the lumen The external layers of the vessel 
In fbese the organization of the foam cell layer started were narrow, stretched This observation confirmed 
early and before the plaque reached its maximum ex- the theory that local mechanical stress or an obstacle 
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is an important factor m the localization and the de- 
cisive factor m the degree of the atherosclerotic lesion 7 
The livers and the adrenal glands of the majority 
of the cholesterol-fed rabbits were grossly enlarged and 
displayed microscopically intracellular cholesterol stor- 
age and lymphatic blockade Beginning periportal 
fibrosis was visible in some slides All cortical layers 
of the adrenal glands were equally involved The kid- 
neys of many rabbits showed microscopically chronic 
nephritis Examination of the other organs did not 
reveal any changes 

None of the cholesterol-fed rabbits reseated any 
changes in the cerebral vessels which could be attrib- 
uted to atherosclerosis Rabbits with ligated carotid 
arteries had marked hypertrophy of all cerebral artei les, 
mainly of the internal elastic layer (fig 1C and D ) 
Sometimes there was splitting of the elastica of the 
basilary artery and of that of the anterior cerebral 
arteries, while all vessels showed thickening of this 
layer In rabbits with both jugular veins ligated there 
were dilatation of meningeal and cerebral veins and 
h> pertrophy of arteries In animals in which one 
carotid artery and one jugular vein ivere tied, these 
reactive changes of the cerebral vessels were as con- 
sistent and always as severe as in the first two groups 
of animals The small arteries of the cortex as well as 
of the white matter were equally involved Dilated 
and thick-walled small arteries were seen in all parts 
of the brain (fig 2 A and B) All these abnormali- 
ties were as frequent and as extensive in the controls 
as in cholesterol-fed animals with analogous ligations 

Three rabbits presented unusual alterations In only 
1 animal was there new formation of capillaries in the 
fibrotic wall of a ligated carotid artery with reestab- 
lished circulation (fig 3 A) In another rabbit theie 
was an aneurysmatic bulging of the dilated and thiti- 
w ailed basilary artery without any signs of arterio- 
sclerosis in this or any other vessel (fig 3 B) A third 
rabbit showed a microscopic area of softening with 
central destruction and peripheral infiltration located in 
the base of the right temporal lobe (fig 3 C) All these 
animals were fed cholesterol, and all nad one or two 
ligated carotid arteries 

Rabbits given injections of epinephrine hydrochloride 
or of histamine phosphate did not show anything dif- 
ferent from other animals of the series The cerebral 
rascular changes were soleh due to ligations of the large 
\essels of the neck There was no difference in legard 
to degree or localization of atherosclerotic or other 
changes 

COMMENT 

The dependence of the intravascular tension in 
the cerebral vessels on the systemic blood pres- 
sure has been affirmed by some authors 8 and de- 
nied by others 9 who claimed the existence of a 
specific control mechanism of the cerebral tes- 

7 Dill, L V, and Isenhour, C E Arch Path 
33 655, 1942 Wilnes, S L Am J Path 18 63, 1942 

8 Gaertner, G , and Wagner, J Wien med 

Wchnschr 37 601, 1887 

_ 9 Forbes, H S Arch Neurol & Psjchiat 19 

751^192S Ask-Upmark, E Acta psichiat et neurol , 

1935, supp 6, p 1 


sels The possibility of impairment of the cere- 
bral blood flow by ligations of both carotid 
arteries or both jugular veins was the basis of the 
major part of the experiments leported here 

A number of experimental animals m which 
both carotid arteries were ligated the same day 
were capable of vascular compensation through 
dilatation of the vertebral arteries, the circle of 
Willis and its branches The opening of formerlj 
closed capillaries 10 prevented the maintenance 
of the cerebral ischemia None of the character- 
istic changes of cerebral anemia were observed 
in sections The vasospasm probably reduced the 
blood flow Sudden stenosis of both jugular 
veins would increase the tension, which then 
would be transmitted backward through the 
capillary bed 11 The ligation of one carotid 
artery and one jugular vein was meant to disturb 
the equilibrium of the cerebral circulation The 
observations on laige and small cerebral vessels 
after all three types of ligations proved that a 
disturbance occurred The alterations were con- 
sistent with the changes described in hyperten- 
sion They were due to an impairment of the 
rate of the blood flow and a change of the intra- 
vascular tension 

The increase in vascular resistance was insuf- 
ficient to transform the cerebral vessels into a 
locus minons resistentiae for the deposit oi 
cholesterol To achieve this, other means should 
be tried, such as compression, edema, destruction 
of the capillary bed oi diminution of the brain 
volume by chronic disease or by adhesive menin- 
gitis 

Epinephrine hydrochloride injected into the 
carotid arteries should decrease the cerebral 
circulation by causing contraction of the arteries 
The drug would act as a direct lintant of the 
arteries, and the increased blood pressure would 
be a supporting factor Histamine phosphate 
similarly injected should increase the circula- 
tion by causing relaxation of the arteries, with 
slowing of the blood flow and lowering of the 
blood pressure Both epinephrine and lustamme 
disturb the nourishment of the vessels by com- 
pression of the vasa vasorum and by impairment 
of the oxygen consumption 12 More severe 
changes m the cerebral vessels were expected 

10 Sjostrand, T Skandinav Arch f Physiol 68 
160, 1934, (supp) 71 1, 1935 

11 Roy, C S , and Sherrington, C S J Physiol 
11 85, 1890 Hill, L The Physiology and Pathologi 
of the Cerebral Circulation An Experimental Re- 
search, London, J & A Churchill, 1896, pp 73-74 

12 Biedl, A , and Reiner, M Arch f d ges 
Ph>siol 73 385, 1897, 79 158, 1900 Hueper, W C 
Medicine 20 397, 1941 



POLLAK— EXPERIMENTS ON CEREBRAL ATHEROSCLEROSIS 


21 


from a combination of ligations and injections of 
these drugs 

The fact that in the experiments epinephrine 
and histamine had no morphologically visible 
effect and did not enhance the changes caused by 
ligatures cannot be held decisive There is a 
possibility that the doses were too small and the 
experimental period too short Intermittent use 
of constricting and dilating drugs should also be 
tned k 

CONCLUSIONS 

Atherosclerosis generalized except foi the 
cerebral vessels developed in cholesterol-fed 


rabbits Control animals, not fed cholesterol, 
did not show atherosclerosis 

Ligations of both carotid arteries, of both jugu- 
lar veins or of one artery and one vein were 
followed by changes m the cerebral vessels in 
both the cholesterol-fed and the control animals 
These changes were not atherosclerotic but 
hypertensive 

Injections of epinephrine hydrochloride and 
of histamine phosphate had no visible effect on 
the cerebral vessels nor did they alter the changes 
which were due to ligations of vessels They did 
not influence the atherosclerotic lesions in any 
way 



MELANOMA OF THE SMALL INTESTINE 
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Among the many organs and tissues of the 
body aftected with melanoma, the small intes- 
tine has leceived haidly more than a passing 
comment, particularly in current textbooks of 
pathology Thus Ewing 1 stated that “melanoma 
of the intestine, occurung almost exclusively in 
the rectum has been described m isolated 

reports b) various observers ” Boyd 2 remarked 
that “the pia mater, the adrenal, and the intes- 
tine, especially the rectum, may be the site of 
the primary tumor ” Karsner 3 said that “mela- 
noma has been reported as a laie 

occurrence m the small intestine” and that “mela- 
notic tumois are likely to show metas- 

tases m the intestinal canal ” MacCallum 4 
dismissed the subject by saying that nevi aie 
not essential foi the starting of melanoma be- 
cause “quite similar tumors” are found, among 
other organs, in the intestine Finally, mela- 
noma of the small bowel is not even mentioned 
m the textbooks of Bell 5 and Anderson 0 

That the subject is of more than passing 
intei est is attested by the increasing numbei of 
reports m recent medical literature In a le- 
view of the latter we have been able to collect 
25 pertinent cases In 9 the melanoma of the 
small intestine was reported as primal y 7 and 

From the Clinical Laboratories, Jefferson Medical 
College Hospital 

1 Ewing, J Neoplastic Diseases, ed 4, Phila- 
delphia, W B Saunders Company, 1940, pp 954 and 
965 

2 Boyd, W A Text-Book of Pathology, ed 3, 
Philadelphia, Lea A Febiger, 1938, pp 322-323 

3 Karsner, H T Human Pathology, ed 6, Phila- 
delphia, J B Lippincott Company, 1938, p 534 

4 MacCallum, W G A Textbook of Pathology, 
ed 7, Philadelphia, W B Saunders Company, 1940, 

p 1101 

5 Bell, E T A Text-Book of Pathology, ed 5, 
Philadelphia, Lea & Febiger, 1944, p 327 

6 Anderson, W A D Synopsis of Pathology, St 
Louis, C V Mosb> Company, 1942 

7 (a) Vander Veer, E A, and Kellert, E New 

\ork State J Med 17 335, 1917 (6) Cox, H H, 

and Sloam, L H J A M A 82 2021, 1924 (c) 
Lund, r B New England J Med 201 1133, 1929 
(d) Bo\ce, T T, and McFetndge, E M Internat S 
Digest 17 131, 1934 (c) Menne, F R , and Beeman, 
J 4 P 4m J Digest Dis A Nutrition 3 786, 


m 16 as metastatic 8 Although we may have 
missed a few since some of the 25 cases were 
described under titles not suggesting such a 
tumor, the still rather scanty number recorded 
m the literature indicates either that many ob- 
served cases have not been repoi ted oi that 
involvement of the small intestine is not com- 
mon In reports on large series of cases of 
melanoma ansing m the skin, the small intes- 
tine is infrequently mentioned Adair,® m a 
study of 400 cases, said nothing of the intestine 
except that primary malanoma can arise in this 
organ Plewes 8f reviewed 97 cases of mela- 
noma and described 1 case with widespread 
metastasis m which there was also one nodule 
m the jejunum In studies by Greenblatt, Pund 
and Bernard, 10 Daland and Holmes, 11 De Chol- 
noky, 12 and Howes and Birnlaant 13 involve- 
ment of the small intestine was not com- 
mented on 

In seal clung the literature undei headings 
mentioning tumors of the small bowel we noted 
that there are only few remarks on melanoma 
It was not mentioned m a summary of the litera- 


1936 (/) Fische, F A Ann Surg 106 221, 1936 

( g ) Gordon, W C Rev Gastroenterol 8 36, 1941 

(h) Morrison, W A , and Donath, D California & 
West Med 55 235, 1941 

8 (a) Peritz, E Arch f klin Chu 139 242, 1926 

( b ) Saphir, O Arch Path 4 22, 1927 (c) Maxwell, 

W M J Australia 15 656, 1928 (d) Robb, D 

Brit M J 2 1007, 1929 (e) Wilbur, D L, and Hart- 
man, H R Ann Int Med 5 201, 1931 (/) Plewes, 
B F Am J Cancer 26 732, 1936 (g) Mallory, T 

B New England J Med 218 1013, 1938 (/;) Maier, 

G Schweiz Ztschr f allg Path u Bakt 3 106, 
1940 (») Mackay, F H, and Hurteau, E F Tr Am 

Neurol A 67 82, 1941 (;) Morison, J E Brit J 

Surg 29 139, 1941 ( k ) Bizzozero, O J , and Collins, 

J O Connecticut M J 5 193, 1941 (/) Jones, W 

C , Dowlen, L W , and Rand, F H Bull Jackson 
Mem Hosp 4 34, 1942 (in) Phillips, J R Am J 
Digest Dis 10 147, 1943 

9 Adair, F E Surg , Gynec & Obst 62 406, 
1936 

10 Greenblatt, R B , Pund, E R , and Bernard, 
G T South M J 29 122, 1936 

11 Daland, E M, and Holmes, J A New Eng- 
land J Med 220 651, 1939 

12 De Cholnoky, T Ann Surg 113 392, 1941 

13 Howes, W E, and Birnkrant, 41 Am J Surg 
60 182, 1943 
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ture b> Nickei son and Williams 14 m 1937 01 
in one by Flank, Millet and Bell 15 in 1942 
Neithei was melanoma mentioned in a study of 
22 cases of malignant tumoi of the small bowel 
reported by Medmger 10 oi in 8 cases encoun- 
tered in 2,252 autopsies leported by Chant 17 
Mornson and Donath, Th however, recorded 2 
cases of melanoma among 45 cases of tumoi 
encounteied in 25,621 autopsies In reference 
to tumor of the small intestine causing intus- 
susception, Fische 7f described a case of mela- 
noma, but neither in Wangensteen’s 15 book on 
intestinal obstructions nor in the textbooks of 
pathology pieviously referred to is melanoma 
included m a list of tumors responsible for this 
complication 


mary tumor of the small bowel or whether such 
a growth is in every case secondary to a primary 
focus elsewhere The cases descubed were 
among 12 cases of melanoma encounteied in 
the last 5,000 necropsies at the Jefieison Medi- 
cal College Hospital 

REPORT OF CASES 

Case 1 — A white man 22 years of age was admitted 
with complaints of cough and expectoration, pains in 
the head, chest and stomach, and loss of 14 pounds 
(6 4 Kg), all occurring in the course of one month 
About a year before admission there was a gradual 
onset of a mental change consisting of irritability, 
speech difficulty and impairment of intellect On sev- 
eral occasions before the onset of any symptoms he 
attempted to remove a mole from his chest with a 



Fig 1 (case 1) A, segment of the small intestine showing at least twenty-two blackish tumors of various 

shapes and sizes B, photomicrograph of a section of the small intestine showing tumor cells diffusely infiltrating 
the submucosa, breaking through the submuscular mucosa and partially replacing the mucosa Although finely 
granular brown pigment is abundant within the cytoplasm of the tumor cells, it cannot be seen with this magnifica- 
tion Hematoxylin and eosm , X 71 


It is the purpose of this pi esentation (1) to 
descnbe 5 cases of melanoma of the small in- 
testine, (2) to draw special attention to the 
accompanying clinical manifestations and (3) to 
consider whether melanoma can arise as a pri- 

14 Nickerson, D A , and Williams, R H Am J 
Path 13 S3, 1937 

15 Frank, L W , Miller, A J , and Bell, J C 
Ann Surg 115 544, 1942 

16 Medmger, F G Surg , Gynec & Obst 69 299, 
1939 

17 Chont, L IC Radiology 36 86, 1941 

18 Wangensteen, O H Intestinal Obstructions, ed 
-> Springfield, 111 , Charles C Thomas, Publisher, 1942 
P 397 


lazor Examination disclosed a pigmented nevus 2 cm 
in diameter over the right sixth rib in the midaxillarj 
line, enlarged lymph nodes in the right axilla and 
bilateral papilledema Both the mole and the axillary 
lymph nodes were excised for study His condition 
became progressn ely worse, and he died one month 
after admission 

Neciopsy — The body was somewhat emaciated In 
the right midaxillary line the skm disclosed two recently 
healed surgical scars, each 5 cm long One was at 
the base of the axilla and the other at the level of 
the sixth rib There were no cutaneous moles or sub- 
cutaneous nodules 

In the midportion on the small intestine there was 
an intussusception 12 cm long The opposing serosal 
surfaces were hemorrhagic, covered with fibrinous 
exudate and loosely adherent to each other The bowel 
proximal to the invagination was dilated to a diamefer 
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oi 8 cm, while distally it was completely collapsed 
At the apex of the intussusception there was a polypoid 
tumor mass 3 cm across and 1 cm thick, which was 
attached to the mucosa by a pedicle 1 5 cm in diameter 
In the mucosa and the submucosa of the entire small 
bowel both proximal and distal to the intussusception 
there were ISO rather firm tumor nodules measuring 
from 0 1 cm to 3 cm in diameter (fig 1 A) Their 
color varied from pinkish gray to dark brown or black 
Some possessed thin or broad pedicles, but others were 
entirely submucosal, and none penetrated the deeper 
layers of the bowel Most of them were superficially 
ulcerated Tumor nodules were not found in the large 
intestine or in the stomach 

The mesentery contained a few enlarged hemorrhagic 
to black nodes of cancer tissue, measuring 1 5 cm in 
diameter In the pancreas there were three gray to 
black tumor masses measuring as much as 3 cm in 
diameter, and a single similar nodule was found in the 


stained nuclei, and even more sparsely dispersed were a 
few cells containing two piled-up nuclei Mitosis was 
not seen Brown pigment was irregularly scattered 
throughout the cells 

Sections of the surgically removed axillary lymph 
nodes disclosed almost complete replacement of the 
nodes with tumor nodules The smaller, apparently 
more recent nodules consisted of masses of anaplastic 
cells with either a diffuse arrangement or a tendency 
to whorl formation The cells showed variation m 
shape and size The cytoplasm was abundant and deep 
pink The nuclei were irregular and hyperchromatic 
Frequently there were large bizarre giant cells with 
abundant cytoplasm and single or many irregularly 
shaped hyperchromatic nuclei These nodules of tumor 
cells were surrounded peripherally with varied amounts 
of fibrous tissue There were other nodules in which 
the fibrous tissue was more abundant and the tumor 
cells fewer, and still others consisting almost entirely 





Fig 2 (case 2) — A section of the small intestine showing intussusception At the apex of the intussusceptum 
there is a tumor mass 


lateral and basilar portion of the upper lobe of the 
right lung The remaining thoracic and abdominal 
organs, including the adrenal glands and the liver, 
were normal 

The bram weighed, 1,560 Gm The cerebral hemi- 
spheres W’ere enlarged but symmetric The medial and 
posterior portions of each frontal lobe contained a small 
bulge which on section disclosed gray to black tumor 
masses measuring as much as 2 5 cm in diameter There 
w r ere other smaller nodules in each cerebral hemisphere 
and one in the pineal gland The eyes were not 
examined 

Microscopic sections of the surgically removed nevus 
disclosed an intact epidermis with well developed pegs 
and considerable pigment m the basal cell layer The 
outer third of the dermis was completely infiltrated 
with two types of cells, arranged singly, in cords, m 
sheets and in a few’ areas in w’horls Most of the cells 
were uniformly stained and were regular in shape and 
size Thev were either round wuth a moderate amount 
of pale c\ toplasm and round nuclei or o^al to spindle 
shaped with scant} cytoplasm and spindle-shaped e\enly 
stained nuclei Occasionally there w r ere more deeply 


of fibrous tissue Deep browm pigment was abundant m 
all sections, both free and within cells 

Microscopic sections of the nodules from the lung, 
the pancreas, the mesenteric lymph nodes, the intestine 
and the brain were essentially similar, and all re- 
sembled those of the axillary nodes just described In 
addition to the large cells with abundant pmk cyto- 
plasm seen almost exclusively in the axillary nodes, 
many of the sections obtained at autopsy showed masses 
of spindle cells with abundant elongated cytoplasm and 
hyperchromatic spindle-shaped nuclei Brown pigment, 
which failed to take a stain for iron, was scanty in 
some areas w’hile in others it was extreme, obliterating 
the underlying cells Fibrous tissue proliferation was 
minimal, but capillaries engorged with erythrocytes 
w r ere prominent In the intestine, although the smaller 
tumors were located entirely within the submucosa, 
their relation to the capillaries or to the lymph channels 
could not be determined The larger tumors penetrated 
the submuscular mucosa, infiltrated and destroyed the 
mucosa and gave rise to irregular ulcers on the surface 
(fig 1 B) Sections of the bowel wall made through the 
intussusception showed diffuse hemorrhagic infarction 
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Case 2 — A 50 year old white man was admitted with 
the following complaints of a year’s duration dull pains 
and noises m the abdomen, loss of appetite with spells 
of vomiting , constipation , sciatica , a mass in the lower 
part of the abdomen on the right side, and loss of 
about 70 pounds (32 Kg ) in weight Examination 
disclosed emaciation, borborygmi, a movable mass in 
the right side of the abdomen and a nonmovable mass 
o\er the left sixth rib anteriorly He died two weeks 
after admission 

Neciopsy — The body was poorly nourished There 
were two subcutaneous tumor masses on the left side 
of the thorax One measured 8 cm in diameter and 
was located at the level of the costochondral junction 
of the sixth rib, the other was 3 cm in diameter and 
situated at the level of the seventh rib in the midaxillary 
line A third tumor mass, measuring 12 cm across, 
was firmly embedded m the abdominal wall of the light 
upper quadrant Each mass was firm and on section 
light gray 

The peritoneal cavity contained about 800 cc of 
turbid watery exudate About 10 cm proximal to the 
ileocecal valve there was an intussusception 20 cm 
long The midportion of the mtussuscipiens contained 
at the attachment of the mesentery a perforation measur- 
ing 5 cm in diameter Through this protruded a 
portion of the intussusceptum It was deep red and 
cjanotic and had at its apex a pedunculated tumor 
mass 3 cm in diameter The opposing serosal surfaces 
of the invaginated bowel were covered with fibrinous 
exudate The entire portion of the small intestine 
above the intussusception was greatly distended, that 
below the obstruction, along with the large intestine, 
was completely collapsed In the jejunum and the 
proximal portion of the ileum the mucosa and the sub- 
mucosa presented many tumor masses varying from 
1 5 to 7 cm in diameter Some were attached by broad 
pedicles, others by more elongated pedicles, while still 
others were sessile Some were superficially ulcerated, 
and on section all were pinkish gray In the mesentery 
there were numerous masses, 2 5 cm m diameter, also 
composed of firm pinkish gray tumor tissue 
The right adrenal gland was completely replaced 
with a tumor measuring 15 cm by 10 cm It was well 
encapsulated and easily separated from the liver, the 
inferior vena cava and the kidney The cut surface 
disclosed an external rim of firm dark gray tissue 2 cm 
thick, enclosing a central mass of friable reddish brown 
tissue One pole of the left adrenal gland contained 
a nodule of gray tumor tissue 1 5 cm in diameter 
Similar nodules were found in the kidneys, the lungs 
and the body of the fifth lumbar vertebra Permission 
to examine the head was not granted 
Many sections from the tumor masses described 
showed a similar histologic picture The cells were 
arranged diffusely, in strands, in whorls and occasionally 
around blood capillaries They varied remarkably in 
shape and size While most were polygonal, a few 
Here definitely elongated or spindle shaped, and there 
were many grades between these two extremes The 
cell borders were distinct, and the cytoplasm was always 
stained deep pink and abundant The nuclei were of all 
shapes and sizes, but most often they were large They 
showed marked hyperchromatism and only scattered 
mitoses Throughout the sections were varied numbers 
of giant cells with abundant cytoplasm and several piled 
U P, deeply stained nuclei Brown pigment was seen in 
onlv a few cells Capillaries were not abundant 
Frequently in the larger tumors there were extensive 
are as of necrosis In the intestine the smaller nodules 


were in the submucosa, but as they increased in size 
both the mucosa and the muscle coats were infiltrated 
In sections of the adrenal glands the tumor cells in- 
filtrated between the cortical cells, but no transition 
from one to the other could be demonstrated 

Case 3 — A white man 63 years old stated that eleven 
months previously a mole was removed from the right 
side of his neck because it bled occasionally and was 
increasing in size Two months before admission 
“moles” began to appear on the face, the neck, the 
hands and the legs, and about the same time he began 
to have increasing epigastric pain Examination showed 
many subcutaneous nodules over the entire body and an 
enlarged liver He died three weeks after admission 

Neciopsy — The body was somewhat emaciated 
Throughout the entire subcutaneous tissue there were 
numerous tumor nodules measuring as much as 3 cm 
in diameter Some were round, others were flat, and 
their color varied from brown to black The mucosa 
and the submucosa of the entire small intestine con- 
tained numerous black tumor nodules varying in size 
from that of a pinhead to 0 5 cm None was found 
in the esophagus, the stomach or the large intestine 
Each adrenal gland weighed 40 Gm and measured 
7 by 4 5 by 1 5 cm Sections disclosed them completely 
replaced with soft brown to black tumor tissue Black 
circumscribed tumors measuring as much as 3 cm 
across were also present in the mesenteric lymph nodes, 
the omentum, the peritoneum, the pancreas, the liver, 
the kidneys, the heart, the base of the left lung and the 
left testicle There was no metastasis to the brain oi 
the liver 

Microscopic sections of the tumors disclosed a uni- 
form picture In most of the sections deep brown 
pigment was so abundant that the underlying neo- 
plastic cells could scarcely be seen In areas where 
the pigment was less abundant the cells weie jrranged 
in sheets oi cords or more diffusely They were either 
round or polygonal and rather uniform in size The 
cell outlines were not always distinct, but the cyto- 
plasm w r as stained deep pink and often was filled with 
browm granules The nuclei were round, evenly stained 
and uniform There were no giant cells In the 
intestine, as in the preceding cases, the tumors were 
primarily m the submucosa, but as their size increased 
both the mucosa and the muscle coats were invaded 
The relationship of the submucosal blood vessels and 
lacteal s to the tumors could not be determined from a 
study of the available sections 

Case 4 — A white man 67 years old said that two 
years previously a pimple on his right cheek was 
squeezed and subsequently repeatedly irritated while 
shaving It steadily increased in size In the past few 
months he noticed lumps appearing over his body, 
began to have pains in the joints and lost about 40 
pounds (18 Kg) in weight Years ago as a result of 
a trauma he lost an eye, and thirty years previously 
he had a mixed tumor of the right parotid gland which 
was removed surgically Examination disclosed an 
ulcerating tumor of the right cheek, measuring 3 cm 
in diameter, many subcutaneous nodules scattered over 
the entire body, and a swelling of the lower end of the 
right femur He died a month after admission 

Neciopsy — There w r as a foul-smellmg ulcerated gray 
to black tumor m the skin of the right cheek, measuring 
2 5 by 1 cm There were numerous nonulcerated tumor 
nodules in the subcutaneous tissue of the entire body 
measuring from 0 3 to 5 0 cm m diameter They were 
sharply circumscribed, freely movable, gray to black, 
and firm There were five tumor masses m the mucosa 
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and the submucosa of the stomach, one in the duodenum, 
thirty-three in the small intestine and five m the large 
intestine They measured from 0 2 cm to 5 0 cm in 
diameter and were pedunculated or sessile Their apexes 
were convex or concave, and many showed superficial 
ulcerations While most were limited to the mucosa and 
the submucosa, a few penetrated to the serosa They 
were firm and on section pinkish gray to black In 
the midportion of the small intestine there was an 
agonal intussusception, which disclosed a tumor at the 
apex of the mvaginating bowel The right adrenal 
gland measured 5 by 3 cm and was completely re- 
placed with tumor tissue The left one was normal 
There was no metastasis to the liver, but tumors were 
present in the lymph nodes of the mesentery, along the 
abdominal aorta and the mediastinum, in the myo- 
cardium, the peritoneum, the pancreas, the right kidney, 
the right clavicle, the lower end of the right femur and 
the brain 

Microscopic sections of a portion of the ulcerating 
tumor of the right cheek, removed surgically, together 
with many sections of the tumors removed at autopsy, 
showed a similar structure The cells were arranged 
diffusely They were round, oval or polygonal and 
contained an abundant amount of pink-staining cyto- 
plasm The nuclei varied greatly in shape and size and 
showed marked hyperchromatism but no mitosis There 
were scattered giant cells, each with several indistinct 
nuclei The central portions of the larger neoplastic 
masses showed considerable necrosis Brown pigment, 
both free and within cells, was scanty, but the dopa 
reaction on a portion of the tumor removed surgically 
from the right cheek was strongly positive 
Case 5 — A 38 year old white man was admitted with 
the following symptoms, which started nine months 
previously multiple nodules in the skin, pain in the 
epigastrium, occasional vomiting, constipation, loss 
of appetite, weakness, and loss of 33 pounds (15 Kg) 
in weight Examination disclosed numerous nodules in 
the skin over the head, the chest and the abdomen and 
an enlarged nodular liver Bouts of vomiting and epi- 
gastric pam became increasingly severe until he died 
two months later 

Ncciopsy — In the skin and the subcutaneous tissues 
of the entire body there were numerous nodules varying 
from pinpoint size to 2 cm in diameter They were 
firm, sharply circumscribed, not ulcerated and on section 
gray except for a few that were distinctly brown In 
the mucosa and the submucosa of the duodenum there 
were a "number” of gray firm tumor nodules 01 to 0 2 
cm in diameter The rest of the gastrointestinal tract 
was normal Each adrenal gland was "enlarged” and on 
section disclosed within its substance numerous gray 
circumscribed tumor nodules Similar nodules, some- 
times as much as 3 cm in diameter, were found in the 
peritoneum, the pericardium, the myocardium, the lungs, 
the kidneys and the liver There were no pigmented 
moles or scars in the skin and no tumors within the 
brain 

Microscopic sections from all areas showed similar 
tumor tissue The cells were diffusely arranged and 
were either relatively small, with indistinct cytoplasm 
and spindle-shaped nuclei, or large and polyhedral, 
with abundant, sharply circumscribed, deep pink-stain- 
mg cytoplasm and large, round or irregular hyper- 
chromatic nuclei The larger cells frequently contained 
vacuoles Mitosis was not seen Brown pigment was 
usually scanty or absent, but in some of the nodules 
from the peritoneum it was abundant Sections of the 
duodenum disclosed tumor nodules within both the sub- 
mucosa and the mucosa, causing ulceration of the latter 


in several areas In the adrenal gland tumor cells 
replaced the medulla and were also insinuated between 
the cells of the cortex In some sections there appeared 
to be a gradation from normal adrenal tissue to tumor 
tissue, but usually the line of demarcation was distinct 

COMMENT 

Clinically, melanoma of the small intestine is 
frequently accompanied by abdominal pam with 
or without other symptoms of intestinal ob- 
struction In 14 of the 25 cases recorded m 
the literature there were varied combinations 
of pam and fulness in the epigastrium, nausea 
and vomiting, anorexia, constipation or diarrhea, 
tarry stools, distention and tenderness of the 
abdomen and increased peristalsis These were 
also the signs and symptoms presented in the 
5 cases reported here Sometimes, as m case 5, 
they may be attributed to tumor involvement 
of the liver, but in cases in which the liver 
shows no metastasis (for example, cases 1, 2, 3 
and 4) , they are traceable to the intestine This 
is particularly true m cases m which intussus- 
ception develops, as m cases 1 and 2 of this 
report, and m 8 of the 25 cases collected from 
the literature 

Sometimes sudden colicky abdominal pam fol- 
lowed by nausea, vomiting and constipation is 
the first and only indication that something is 
amiss and requires prompt operation The im- 
mediate prognosis is not always entirely hope- 
less because, although m the cases leported here 
the intestinal tumors were multiple and there 
were other evident metastases, in some of the 
cases reviewed there were only one or two 
tumors m the small bowel Theie is a total 
of 4 cases in which the patient was said to have 
recovered after operation One of these was 
reported by Vander Veer and Keller t 7a An 
intussusception was reduced and a solitary tumoi 
of the ileum resected The patient lived com- 
foitably for six months and then died of a 
metastasis m the lungs A second case was 
reported by Maxwell 8e The patient was opei- 
ated on first for obstruction One tumor was 
removed at that time One and one half months 
later the patient was operated on for intussus- 
ception, and another tumor was removed Six 
months later, at the time of writing, the patient 
was still well A third case was reported by 
Lund 7c The patient had two intussusceptions 
caused by two tumors Each was resected, and 
the patient recovered but died six weeks after 
leaving the hospital A fourth case was reported 
by Jones, Dowlen and Rand 81 The patient was 
operated on for obstruction and recovered 
Nothing was said of his ultimate condition 
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It is generally agieed that primary melanoma 
usually arises in the skm or the eye Whether 
it can occur as a primary tumor in the small 
intestine has not yet been proved, in spite of 
occasional repoits to the contrary There are 
several reasons for doubting an origin m this 
organ First, it has been shown by Laidlaw 19 
and others that melanoblasts are found only m 
the skm and in mucous membranes of ectodermal 
origin They aie not found in the large intes- 
tine above the mucocutaneous junction of the 
lectum, and as far as we know, they have like- 
wise not been demonstrated in the small intes- 
tine Recently we used the dopa test on sections 
of duodenum, jejunum and ileum obtained from 
a man one-half hour after his death No cells 
in any of these sections gave a positive reaction 
Simultaneously tested sections of the skm, how- 
ever, reacted stiongly Therefore, m the ab- 
sence of melanoblasts, a melanoma cannot anse 
m the small intestine as a primary tumor 
Second, the involvement of the small intestine 
is exactl) the same m cases in which the pri- 
mary tumor has been located elsewhere as m 
those m which such a tumor has not been found 
and in which the tumor in this organ is con- 
sidered primary Third, one must always bear 
m mmd that m cases of melanoma delayed meta- 
static growths, often appearing years after a 
“mole” has been removed, are common, 20 and 
so the primary source may be easily overlooked 
Fourth, it is known that moles which grossly 
and histologically appear benign are sometimes 
known to produce metastases 1 This is well 
illustrated m the first case reported here His- 
tologically, the cells were so regular that the 
mole was first diagnosed as a “benign” pigmented 
nevus It was not until later when an exam- 
ination of the draining lymph nodes disclosed 
metastatic melanoma, that several sections of the 
original mole disclosed a slight variation in the 
intensity of staining of some of the nuclei and 
an occasional cell with two nuclei These changes 
were so slight, however, that if we were con- 
fionted with a similar section we should prob- 
ably make the same diagnosis Thus, since most 
people have one or more nevi, one cannot be 
sure in the cases m question that the primary 
site was not in a nevus of innocent appearance 
Fifth, however caiefully autopsies are made, the} 

19 Laidlow, G F Am J Path 8 477, 1932 

20 \\ llbur and Hartman 8e Bizzozero and Collins SK 


are often of necessity not thorough enough 
Although it is known that melanoma frequently 
anses as a primary tumor of the eye, 2 only in 
two reports 21 of the cases leviewed is it stated 
that the eyes were examined post mortem In 
one other 7C they were said to have been exam- 
ined with an ophthalmoscope during life With- 
out a thorough examination of the eyes, a diag- 
nosis of primary melanoma of the small intestine 
should not be made Another possible primary 
source that has not been sufficiently considered 
is m the mongol cells (melanoblasts) which in in- 
fants of all races lie deep m the corium over the 
sacium and along the back According to Laid- 
law, 19 these are true melanoblasts and are there- 
foie capable of giving use to a melanoma Since 
these cells are' present in the newborn, some 
will undoubtedly persist throughout adult life 
and may be the starting point of melanoma 
This may be particularly true in those cases 
in which multiple subcutaneous nodules occui 
over the entire body, including the back, with 
no demonstrable primary site in the usual 
locations 

SUMMARY 

A review of the literature discloses reports 
of approximately 25 cases of melanoma of the 
small intestine In 9 of these the tumor was 
reported as primary in the small bowel, m 16, 
as metastatic To the latter gioup we have 
added 5 cases In 3 of these the neoplasm 
originated m a cutaneous nevus, while in 2 the 
primary site | was not determined Abdominal 
pain, with frequehtly other symptoms of intes- 
tinal obstruction, were present in 18 of the 30 
cases now leported, while intussusception oc- 
curied in 10 It appears that melanoma of the 
small bowel is usually, af not always, a meta- 
static tumor for the following reasons (1) 
Melanoblasts have not been demonstrated m 
the small intestine , (2) the involvement of the 
bowel in secondary melanoma is the same as 
that m the cases m which the tumor of the 
bowel is thought to be primary, (3) primary 
cutaneous growths may be lost sight of m the 
often delayed metastasis peculiar to melanoma, 

(4) occasionally quiescent moles are known to 
give rise to local and distant metastases, and 

(5) autopsies are often albeit of necessity, 
not thorough enough 

21 Fische Tf Peritz 81 
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Recent studies undertaken by me have demon- 
strated in exudate the presence of a substance 
which offers a reasonable explanation foi the 
basic pattern of injury in inflammation 1 This 
substance, which either is the euglobulin fraction 
of exudate 01 at least is associated with it, has 
been termed neci osm It is presumably liberated 
from cells which have been initially injured by 
an irritant The internal chemical constitution 
of the damaged cell is doubtless altered, yield- 
ing as a result various common factors, which in 
turn are responsible for the unfolding of the 
fundamentally steieotyped pattern of inflam- 
mation Leukotaxme, the leukocytosis-promot- 
ing factor, and neciosin belong to such a cate- 
gory of chemical units formed by injured cells 
In this connection necrosin has been found to in- 
duce a severe inflammatory reaction, accom- 
panied by a lymphatic blockade 1 When it is in- 
troduced into the circulating blood leukopenia 
follows promptly and is replaced several hours 
later by leukocytosis lb The internal organs are 
injured, notably the liver and to some extent 
the kidneys lb Besides fatty deposits m the 
parenchyma, small foci of leukocytic infiltration 
may be found irregularly scattered throughout 
these organs lb 

Further studies on dogs have indicated that 
the intravascular injection of necrosin is accom- 
panied by a rapid elevation in temperature 2 
This hyperthermia was not induced by other pro- 
tein fractions denved from exudate, ascitic fluid 
or normal blood serum 

Inasmuch as necrosin seems to penetrate into 
the circulating blood lb from the site of inflam- 
mation it is conceivable that the fever produced 
with inflammation may be referable in large pait 

This paper is no 31 in a series entitled ‘‘Studies on 
Inflammation ” 

This study was aided by grants from the Johnson 
and Johnson Research Foundation, New Brunswick, 
N J , and from the Dazian Foundation for Medical 
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author Department of Pathology, Duke University 
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2 Menkin, V Proc. Soc Exper Biol & Med 
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to the action of the necrosin absorbed from the 
site of injury into the blood stieam The present 
communication presents further data on the ac- 
tive chemical substance involved in the develop- 
ment of fever There is present in exudate a 
pyrogenic factor, termed for convenience 
pyrexin, which seems to be formed by the 
enzymatic action of necrosin, which is in turn 
closely associated with the euglobulin fraction 
of exudate 

The early writers have demonstrated that with 
various infectious processes accompanied by 
fever there is manifest an mciease in protein 
metabolism 3 Furthermore, this enhancement 
seems to be wholly independent of the low level 
of the normal “wear and tear” of nitrogenous 
metabolism 4 These facts have led to the con- 
clusion that fever involves severe toxic destruc- 
tion of proteins 5 Coleman and Dubois G in an 
exhaustive study inferred that the destruction of 
proteins in typhoid is referable to the toxins of 
that disease Leyden and Klempeier 7 reported 
that in the high fever of pneumonia nitrogenous 
equilibrium cannot be attained The output of 
nitrogen in the urine is high, and this state of 
affairs continues after the crisis until the excess 
mtiogen derived from the exudate is eliminated 
It is of interest to note that patients who have 
succumbed m high fevei show on autopsy 
pai enchymatous and fatty degeneration of some 
of the internal organs 8 Welch 9 noted similar 
effects in rabbits exposed to high temperature foi 
a week As stated m the opening paragraph, 
necrosin induces fatty degenerative changes m 
the liver and the kidneys lb 

Krehl and Matthes 10 i eported an increase m 
albumoses in the urine of patients with fever 

3 Pfluger, E Arch f d ges Physiol 18 247, 1878 

4 Kocher, R A Deutsches Arch f khn Med 
115 82, 1914 

5 Muller, F , cited by Lusk, 8 p 513 

6 Coleman, W , and Dubois, E F Arch Int Med 
15 887, 1915 

7 Leyden and Klemperer, cited by Lusk, 8 p 520 

8 Lusk, G The Elements of the Science of Nutri- 
tion, Philadelphia, W B Saunders Company, 1923 

9 Welch, W H M News, Philadelphia 52 393, 
1888 

10 Krehl, L , and Matthes, M Deutsches Arch f 
khn Med 54 501, 1895 
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These substances were found toxic m animals 
Klempeier 11 insisted that the toxicity was ref- 
erable to impurities, and not to the albumoses of 
the ui me Mandel 12 observed an increase in 
purine bases in the urine of feveush patients fed 
with milk In the opinion of this author the 
purine bases liberated by destruction of tissue 
may be of considerable significance m inducing 
fever 13 Erben reported an increase m xanthine 
bases and ammo acids in measles and chicken- 
pox 14 Xanthine bases were found also some- 
what increased in scarlet fever and typhoid 
Senator 15 and Mendelson 16 showed that in a 
dog an injection of pus is followed by an eleva- 
tion m temperature Lusk 8 pointed out that the 
rise m temperature induced by experimentally 
puncturing the neurogenic heat centers may have 
little to do with the true mechanism of the pro- 
duction of fever in infections Barbour discussed 
the various views on the possibility that the heat 
centers are “stimulated” m fever 17 Grafe 18 re- 
ferred the production of fevei to the irritating 
action on the heat centers of the products of de- 
composition of bacteria or of injured tissues 

EXPERIMENTAL STUDIES 

In a series of experiments an attempt has been made 
to determine with greater exactitude the component 
which is responsible for the elevation in temperature 
following the intravascular injection of the euglobuhn 
fraction of exudate 

The studies have all been made on rabbits This 
animal was found to be convenient and far simpler to 
handle than the dog A preliminary note on these 
earlier observations has recently appeared 10 Various 
fractions of exudate and of necrosm were injected into 
the circulating blood stream, and the rectal temperature 
was recorded at intervals during a period of several 
hours 

Necrosm was usually prepared from canine exudative 
material as described in a previous communication lb 
An acute pleural inflammation was induced by injecting 
about 1 5 cc of turpentine 1,1 In few instances material 
obtained from human exudates was employed The 
various tests made and the further fractionation of 
necrosm will be described as the observations and the 
results obtained are being presented 

Variation tn Temperature in Noimal Rabbits — It is 
important to determine first of all the daily fluctuation 
of temperature in rabbits The animals during a period 

11 Klemperer, cited by Lusk,® p 523 

12 Mandel, A R Am J Physiol 10 452, 1904 

13 Mandel, A R Am J Physiol 20 439, 1907 

14 Erben, F Ztschr f Heilk 25 33, 1904 

15 Senator, H Untersuchungen uber die fieber- 

haften Process und seme Behandlung, Berlin, A Hirsch- 
wald, 1873 

16 Mendelson, W Virchows Arch f path Anat 
100 274, 1885 

17 Barbour, H G Physiol Rev 1 295, 1921 

18 Grafe, E Deutsches Arch f khn Med 101 
209, 1910 

19 Menkin, V Federation Proc 3 32, 1944 


of six to seven hours do not show much variation 
The average maximum rise m temperature during such 
an interval is less than IF (0 63 F , table 1 and 
chart 1) From day to day, however, the rabbit may 
display temperature fluctuation, but this fails to occur 
to any appreciable extent within the duration of an 
experiment that lasts six to seven hours It should per- 
haps be pointed out that the rabbit may display relative 
instability during excessively warm days Note in table 
1, for instance, that although the temperature of rabbit 
23-55 normally fails to fluctuate, on a very warm day 
this rabbit showed a maximum increase of 1 45 F 
Nevertheless, the latter is approximately the greatest 
rise in temperature referable solely to weather This 
increase is, however, definitely transcended when a 
potent pyrogenic derivative associated with the 
euglobuhn fraction of exudate is injected 


Table 1 — Variation tn Temperature tn Normal Rabbits 
and tn Animals into Which Inert Materials 
Were Injected 




Maximal 

In- 



Tempera- 

crease 


Basal 

ture Over 

m 


Tem 

a Period 

Tem 


pera 

of About 

pera 


ture. 

6 to 7 Hr , 

ture. 

Rabbit Number 

F 

F 

F 

23 IS normal 

102 7 

103 65 

0 95 

23 65 normal 

104 75 

105 3 

0 55 

23 55 normal 

103 3 

103 3 

00 

23 12 normal 

102 6 

103 0 

04 

23 53 normal 

104 6 

105 05 

0 45 

23 55 normal 

104 3 

105 75 

145* 

Average increase in temperature 



063 

23 24 2 5 cc saline solution 

103 1 

102 4 

00 

23 18 0 5 cc saline solution 

103 4 

104 25 

0 85 

23 15 1 cc euglobuhn suspension of canine 




serum 

1021 

102 8 

07 

23 42 1 cc euglobuhn suspension of human 




serum 

103 9 

104 0 

01 

23 27 8 mg LPF t in 1 cc saline solution 

103 6 

104 6 

10J 

Y05cc LPF 

104 1 

105 0 

09 

23 19 1 CC LPF 

102 9 

103 0 

01 

22 92 0 5 cc albumin from canine exudate 

103 0 

104 35 

135 

23 27 1 cc albumin from canine exudate 

102 8 

103 75 

0 95 

Average increase m temperature 



0 66 


* Excessively warm day 

t LPF stands for leukocytosis promoting factor 

i There Is evidence that this fraction of LPF contained a 
trace of necrosm as an impurity 

Studies have also been made following injections of 
isotonic solution of sodium chloride, of the euglobuhn 
fraction of normal canine serum, of the euglobuhn 
fraction of normal human serum, of the pseudoglobuhn 
or leukocytosis-promoting factor from canine exudate 
and, finally, of the albumin fraction from the latter 
The results are summarized in table 1 Note that not 
one of these substances induces any appreciable rise m 
temperature, the average being of about the same order 
as that observed in normal animals, namely 0 66 F 
(table 1 and chart 1) 

Pyiogemc Capacity of Whole Erudate — When 0 5 cc 
(or even less) of exudative canine material is injected 
into the marginal vein of a rabbit’s ear, there ensues 
within a period of about one hour or less an appreciable 
rise in the animal’s temperature The data of such 
experiments are recorded m table 2 (compare also 
chart 1) The average rise in temperature during a 
period ranging from about six to seven hours is 2 37 F 
This represents an increase of 276 per cent oxer the 
maximum rise resulting from normal -variation of 
temperature in rabbits (table 1) The magnitude of 
rise m temperature does not seem to depend primarily 
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on the amount of material injected, i e within, limits 
It has been found that at times 0 1 or 0 2 cc of exudative 
fluid will induce as great an effect as the injection of 
0 5 cc or even more The effect thus displays a rela- 
tne “all or none” response This seems to hold true 
also, to some extent, with the fraction of exudative 
material These facts suggest the presence of a pyro- 
genic factor in inflammatory exudate 



Chart 1 — Effect of exudate and of other fractions of 
canine body fluids on the level of temperature in the 
rabbit, average variation of temperature in normal 

rabbits ( ) , temperature curve with exudate 

( ) , curve with the euglobulin fraction of 

exudate (necrosm -f- pyrexin) ( ) , curve with 

nonhemolyzed blood serum ( — — ) , curve with th,e 
euglobulm fraction of normal blood serum ( ) 

Degrees Fahrenheit are shown at the left, lapse of time 
in hours, at the bottom 

Table 2 — Effect of Whole Exudate on Level of 
Temperature m Rabbits 


Maximal 


Temperature Increase 
Basal Over a Period m 


Rabbit Number 

Temper 

ature, 

F 

of About 

6 to 7 Hr , 
F 

Temper 

ature, 

F 

23-52 

102 2 

104 1 

19 

23 52 

102 6 

104 4 

18 

23-41 

1012 

105 7 

4 5 

23 61 

102 4 

104 4 

20 

23 11 

103 5 

105 2 

17 

23 27 

102 05 

104 0 

195 

23-42 

102 0 

1051 

31 

23 27 

103 3 

105 6 

23 

23 70 

102 7 

104 5 

1 S 

23 5S 

102 3 

104 3 

20 

2311 

102 8 

105 8 

30 

23 27 

102 4 

104 75 

' 235 

\vcragc increase in temperature 


2 37 


Presence of the Pyrogenic Factor m the Euglobulm 
Fraction of Exudate — As indicated m table 1, neither 
the pseudoglobulin fraction (i e., the leukocj tosis- 
promotmg factor) nor the albumin fraction of exudate 
induces anj appreciable enhancement in temperature 
On the other hand, the euglobulm fraction of exudative 
material induces a marked rise (table 3 and chart 1) 


The average increase during a period of about six 
hours following an injection of that particular fraction 
of the exudate is 2 46 F This represents a rise of 
about 290 per cent over that occurring in normal 
rabbits (table 1) This type of effect holds true as well 
when a series of rabbits treated with an identical 
euglobulm fraction derived from one sample of exudative 
material is studied In 3 rabbits (23-15, 23-26 and 23-27) 
the level of temperature was not appreciably altered 
following the injection The euglobulm fraction in- 
jected into these 3 rabbits was derived from exudate 
which never contained a potent necrosm but at the same 


Table 3 — Effect of Necrosm ( Whole Euglobulm 
Fraction of Exudate) on Level of Temperatui e 


Rabbit Number 

Basal 

Temper 

ature, 

F 

Maximal 
Temperature 
About 6 Hr 
After 
Injection 
of Necrosin, 
F 

Increase 

in 

Temper 

ature, 

F 

23 24 

102 2 

100 4 

42 

23 06 

103 2 

100 0 

28 

22 81 

101 6 

103 0 

1 4 

15 21 

103 0 

105 7 

27 

2315* 

102 e 

105 2 

26 

23 15 f 

102 6 

103 7 

1 1 

23 01 (subcutaneous Injection) 

102 3 

104 8 

25 

23 26 f 

102 65 

104 55 

19 

23 27 f 

10185 

103 3 

145 

23 27 

102 25 

100 7 

4 45 

23 27 

102 2 

104 2 

20 

Average increase in temperature 


2 46 


* Human necrosin was injected, in all other experiments 
canine material was utilized 

t The animal from which this traction ot necrosin was 
derived had leukocytosis and had a powerful concentration of 
leukocytosis promoting factor In itB exudate in contrast to a 
poor yield of necrosin Correspondingly, the animal appeared 
clinically to be very well 


time contained considerable leukocytosis-promoting 
factor The dog from which this exudate was obtained 
appeared correspondingly to be well In general, the 
clinical well-being of a dog seems inversely related to 
the amount of toxic euglobulm or necrosin recovered 
from its exudate, while, on the contrary, the concen- 


Table 4 — Effect of Nonhemolyzed Blood Semin from 
Noimal Dogs on Level of Temperatui e 
in Rabbits 


Maximal 

Temperature Increase 
Basal Over a Period in 


Rabbit Number 

Temper 

ature, 

F 

of About 

6 to 7 Hr , 
F 

Temper 

ature, 

F 

23 11 

104 0 

105 2 

1 2 

23 55 

103 4 

104 6 

1 2 

2318 

102 8 

104 0 

1 2 

23 50 

102 65 

103 7 

1 05 

23-72 

103 8 

104 3 

05 

23 70 

102 9 

104 2 

1 3 

23-5S 

104 2 

105 4 

1 2 

23 64 

103 3 

104 1 

08 

Average increase in temperature 


105 


tration of leukocytosis-promoting factor in the exudate 
seems to bear a direct relation to the clinical status 
These observations on the pyrogenic effect of exudate 
and of the euglobulin fraction therefrom in rabbits con- 
firm earlier studies on dogs 2 
Effect of Blood Serum on the Level of Temperatui e 
— In order to control the effect obtained with exudative 
material, nonhemolyzed canine blood serum was in- 
jected intravenously into rabbits The data are con- 
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vemently collected in table 4, and an individual experi- 
ment is illustrated in chart 1 The average increase in 
temperature in eight experiments in which 0 5 cc of 
serum was injected was 1 05 F This constitutes an 
increase of 67 per cent over the normal variation 
(table 1) This rise is relatively inappreciable when 
compared with the increases of 276 and 290 per cent 
induced In whole exudate and the active euglobulin 
fraction of exudativ e material 

On the other hand, when hetnolyzed blood serum is 
utilized there seems to follow a moderate increase in 
the level of temperature, averaging almost 2 F (table 
5) This represents an increase of 209 5 per cent 


Table 5 — Effect of Hemolyzed Serum jrom Normal 
Dogs on Level of Tempei ature in Rabbits 



Basal 

Maximal 

Temperature Increase 
Over a Period m 


Temper 

of About 

Temper 


ature, 

5 to 7 Hr , 

ature. 

Babbit X umber 

r 

F 

F 

X 

103 0 

105 05 

2 03 

23 18 

103 05 

10G 4 

3 35 

23 27 

103 1 

104 S 

17 

23 27 

1021 

104 0 

19 

23 27* 

102 45 

104 2 

1 73 

2311* 

103 7 

105 0 

13 

23 54 

103 8 

105 25 

1 45 

X 

102 8 

104 9 

2 1 

23 27 

103 2 

105 2 

20 

Ayer age increase in temperature 


195 


* This animal received 0 25 cc of hemolyzed serum intra 
venouslj , 0 5 cc was injected into other animals 


(table 1) These observations, m comparison with the 
effect of nonhemolyzed blood serum, definitely suggest 
that injured red cells are capable of liberating an 
appreciable amount of pyrogenic factor into the blood 
serum This fact may prove to be of significance in 
helping to explain m part the fever occurring in malaria 
following the release of the parasites from the red 
corpuscles Conceivably the pyrogenic factor may like- 
wise be liberated alongside those organisms into the 
circulation Presumably the material can probably be 
recovered from any injured cells, such as are obtained 
bv crushing or by severe trauma Such studies are being 
undertaken 

In a previous study lb I pointed out that necrosin, 
the toxic euglobulin fraction derived from exudate, was 
piesent in the blood serum only if there was con- 
comitant inflammation These observations suggested 
that necrosm penetrates from the site of injury into 
the circulating blood stream lb For this reason it 
became of interest to determine whether nonhemolyzed 
serum from a dog with concomitant pleural inflamma- 
tion possesses appreciable pyrogenic activity Such 
serums obtained from animals with pleurisy of duration 
ranging from about seventeen hours to one week 
displaced pjiogemc potency The evidence indicates 
that in at least half of the cases studied the serums 
were active The average increase in temperature in 
such a series was 1 67 F , or a rise of 165 per cent 
abo\e normal variation (table 1) When this increase 
is compared with the average increase noted with 
serums from normal dogs (table 4), a small but definite 
enhancement of the pyrogenic capacity of serum from 
animals having a concomitant inflammation is indicated 
These observations are probably of significance in help- 
ing to explain the fever that frequently develops when 
there is an inflamed area The pyrogenic factor ab- 
sorbed into the circulation from such an acutely injured 
site w’ould be capable of inducing fever This phase of 
the problem is being studied further 


Dissociation of the Euglobulin Fi action of Exudate 
into a Toxic Factor (Necrosin) and a Pyiogemc Facto) 
(Pyrexin) — The evidence described m the foregoing 
sections and also in previous contributions 20 indicates 
the presence of a pyrogenic factor in the euglobulin 
fraction of exudate Earlier work has likewise demon- 
strated the toxicity of this fraction which for con- 
venience has been termed necrosm 1 Is the pyrogenic 
factoi of exudate merely associated with necrosin or 
is the pyrogenic activity a property of that toxic 
euglobulin fraction ? Studies indicate that one is deal- 
ing with two different substances which, however, seem 
to be closely associated as concerns their respective 
genesis Recent evidence indicates that the pyrogenic 
factor can frequently be formed from necrosin merely 
by incubation of the latter This may perhaps be 
brought about by enzymatic activity present in turn m 
the purified necrosin-contaimng material The results 
obtained by incubation suggest this possibility Further- 
more, recent preliminary studies seem to indicate the 
presence of proteoljtic activity in necrosin 21 Fibrinogen 
combined with thrombin induces rapid formation of a clot 
which, however, with the addition of purified necrosin 
tends tenvard early liquefaction These facts suggest 
either that necrosm is a proteolytic enzyme or that in its 
present state of purification it is closely associated 
with such an enzyme On the other hand, the pyrogenic 
factor fails to display any such proteolytic activity 
The scheme adopted to dissociate necrosin from the 
pyrogenic factor or, as it is termed, pyrexin, is probably 


Exudate 

1 

4 

(XH4) 2 SOi at Vi saturation 
I 

4 

precipitate winch may be left to stand for 2 to 3 hours 
4 

centrifuge 


4 

precipitate 


4 

supernatant 

i ' 


4 

treated with distilled water 


dialyze until free of SOi= 


4 

4 

insoluble 

soluble 

fraction 

i 

fraction 

I 

1 

4 

I 

4 

wash repeatedly 

dialyze 

1 

v ith distilled HiO 

i 

4 

1 

4 

centrifuge 

insoluble residual 

1 

I 

precipitate 

1 

precipitate 

1 

4 

1 

necrosin (as the 

4 

euglobulin fraction) 

dialyze 

1 

4 

residual material in 
cellophane tube 
(pyrexin) 


4 

(NHOsSOi at 
% saturation 
I 

4 

centrifuge 

1 

I 

4 

precipitate dissolved 
in distilled water 

I 

4 

dialyze 

I 

4 

leukocytosis promoting 
factor (LPF) 


best described by the accompanying diagram, which 
incidentally includes the simultaneous preparation of 
the leukocytosis-promoting factor 
The principle adopted in this dissociation and purifica- 
tion lies m the finding recently described 18 that the 
euglobulin fraction of exudate seems to be insoluble in 
the presence of certain electrolytes This was at first, 
surmised to be due to the presence of an atypical 
euglobulin 18 Advantage has been taken of this property' 
m order to extract a true euglobulin from exudate This 


20 Menkin (footnotes 1 b and 2) 

21 Menkin, V Am J M Sc 208 290, 1944, 
Science 100 337, 1944 
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is done by treating with distilled water in the presence 
of SOr ions the precipitate formed by the interaction 
of the exudate with ammonium sulfate ([NHVUSO.*) 
at one-third saturation In other words, a true 
euglobulin, by virtue of its solubility in the presence of 
electrolytes, is removed prior to dialysis of the SO-T 
ions B) this simple step the toxic material, or necrosin, 
is found to be either a true euglobulin or at least a 
substance that is associated with this fraction In the 
presence of SOi = ions necrosin readily enters into 
aqueous solution, while, on the other hand, the pyrogenic 
factor seems to be primarily located in the relatively 
insoluble aqueous fraction The so-called atypical 
euglobulin fraction of exudate represents essentially an 
insoluble fraction m close association with an otherwise 
true euglobulin 22 

In brief, with the adoption of the aforementioned 
scheme of purification it was found that the toxic 
material, or necrosin, is primarily located in the true 
euglobulin fraction, which is essentially nonpyrogemc, 
while the fever-inducing property seems chiefly con- 
centrated m an insoluble precipitate obtained as shown 
in the diagram 

The results of experiments with the two fractions 
01 substances thus obtained are shown in table 6 
Both of these fractions can readily be dried by freezing 
It is clear that necrosin in contrast with pyrexin is 
essentially nonpyrogemc The latter induces an average 
increase of 2 46 F This effect is of the same ordei 
of magnitude as that obtained with the whole exudate 
The latter causes a rise of 2 25 F , while purified 
necrosin induces an average increase of 0 94 F The 


factor in exudate that is responsible for the potent 
pyrogenic effect In chart 2 the course of an experi- 
ment is graphically illustrated 



Chart 2 — Effect of exudate ( ), necrosin ( 

) and pyrexin ( ) on the level of tempera- 
ture in the rabbit Degrees Fahrenheit are shown at 
the left , lapse of time in hours, at the bottom An arrow 
indicates the time of injection 


Table 6 — Dissociation of Neciostn mto a Euglobulin Component (Purified Necrosin of Exudate) 

and a Pyrogenic Component (Pyrexin) 


\ 

W hole Exudate Euglobulin (Purified Necrosin) Pyogenic Component (Pyrexin) 

A « A 1 


r 

Basal 

Maximal Increase in 

Basal 

Maximal 

Increase in 

Basal 

Maximal Increase n 

Temper 

Temper 

Temper 

Temper 

Temper 

Temper 

Temper 

Temper 

Temper 

experiment 

ature 

ature, 

ature. 

ature, 

ature, 

ature, 

ature, 

ature. 

ature. 

ho 

P 

P 

P 

P 

P 

P 

P 

P 

P 

1 

102 4 

104 4 

20 

102 9 

103 2 

03 

102 8 

104 0 

12 

2 

103 5 

105 2 

17 




103 2 

105 7 

25 

o 

102 05 

104 0 

1 95 

103 5 

104 3 

OS 

102 6 

104 3 

17 

4 

102 0 

1051 

31 

102 3 

103 1 

OS 

102 3* 

104 2 

19 

5 t 

103 3 

105 6 

23 

103 3 

104 1 

OS 




6§ 

102 7 

104 5 

18 

104 2 

104 0 

0 

102 7 

103 6 

09 

7 

102 3 

104 3 

20 

102 25 

103 35 

1 1 




s# 

102 8 

105 8 

30 

103 6 

105 0 

1 4 

103 45 

108 0 

4 55 

9 

102 4 

104 75 

2 35 

103 9 

105 5 

1 6 

103 05 

105 6 

2 55 

10 

103 7o 

100 1 

23a 

10a 2 

104 6 

1 4 

103 4 

106 25 

285 

11 




103 65 

104 8 

1 15 

102 8 

105 5 

27 

12 







102 7 

106 5 

3 S 

Average increase m temperature 



2 25 



0 94 



2 46 


§ There was a poor yield of exudate, and the exudate had a metbemoglobm like color 

* The whole undissociated necrosin or the euglobulin fraction per se induced in a rabbit a rise of 1 9 P in temperature indi 
eating thus that the pyrogenic activity lies entirely in the insoluble fraction (pyrexin) which, as shown yielded a similar rise 
m temperature 

t The whole undissociated necrosin or the euglobulin fraction likewise induced a rise of 2 3 F This supports the view that 
the pyrogenic factor is not m the euglobulin fraction per sa since the latter yielded only a negligible increase in temperature 
“ The amount of exudate used was 0 5 cc but the corresponding amounts of euglobulin (necrosin) and pyrexm vere the 
equix alent of about l cc of the original exudate 

H Ihc pyrexin utilized was previously dried bj freezing 


ex idence therefore seems to indicate that pyrexin is the 


22 O Smith and G Van S Smith (Proc Soc Exper 
Biol &_ Med 55 285, 1944) have recently stated that 
the euglobulin fraction of menstrual fluid contains a 
toxic factor This fraction has been described by 
them as being insoluble in the presence of electrolytes 
I haxe demonstrated m their laboratory with their 
material the marked px rogemc activ ltj of the toxic 
factor of menstrual fluid It is quite probable that this 
p> rogemc actix ltj is due to the presence of pyrexin or 
a similar factor m association with the toxic factor of 
menstrual fluid 


The toxicity of purified necrosin is readily demon- 
strated in its capacity to induce in rabbits a marked 
edematous and necrotizing cutaneous inflammation such 
as xvas previously described with the undissociated 
material 1 Furthermore, the purified necrosin is found 
to be lethal in mice Pyrexin fails to induce any 
cutaneous reaction, and it is innocuous in mice 23 

23 A potent fraction of pyrexin has proved at times 
to be lethal in rabbits In such animals after admin- 
istration of the material the temperature rose to xvell 
over 108 F Necropsy revealed primarily damage to 
the liver in the form of conspicuous fatty infiltration 
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Some oj the Pi ope) ties of Pyi cun —The chemical 
nature of pyrexin remains to be determined Studies 
now in progress will, it is hoped, help in clarifying 
this point Meanwhile a few noteworthy determinations 
concerning the properties of this active pyrogenic 
substance are presented 

Heat Stability of Pyicun — When pyrexin is heated, 
e\en to the boiling point, and then introduced into an 
aural vein of a rabbit, its activity remains essentially 
unaltered The observations bearing on tins point are 
listed in table 7 The trend of one experiment is shown 
in chart 3 The average increase in temperature with 


108- 



Chart 3 — Heat stability of the pyrogenic factor asso- 
ciated with the euglobuhn fraction of exudate, tem- 
perature curve with euglobuhn of exudate (necrosm -f 

pyrexin) ( ) , curve with boiled euglobuhn 

of exudate ( ) , curve with ashed euglobuhn of 

exudate ( ) Degrees Fahrenheit are shown at 

the left, lapse of time in hours, at the bottom 

the boiled material was 2 34 F Such a rise is practically 
of the same order of magnitude as the rise obtained 
with the unheated material (compare tables 7 and 3) 
The whole euglobuhn fraction of exudate, which, as 
seen in the foregoing pages, contains both necrosm and 
pvrexm, was used in the experiments Nevertheless, 
when boiled pyrexin is utilized, the pyrogenic activity 
is likewise maintained 

The material is inactivated when ashed, indicating that 
the biologic effect is not referable to an inorganic ion 
m the ashed residue (table 7) 

Pyrexin appears to be insoluble in ether, m 95 per 
cent alcohol and in concentrated sulfuric acid, and, as 
pointed out previously, it is insoluble in distilled water 
or in water containing electrolytes such as sodium 
chloride or ammonium sulfate It is apparently soluble 
in relatively iveak sodium hydroxide, and it dissolves, 
though slowly and with difficulty, in a stronger solution 
of this reagent 

When purified necrosm is incubated at about 37 C 
for several hours, it often yields a fraction which is 
actively pi rogenic This effect is well illustrated in 
chart 4 Thus an otherwise relatively inactive necrosm 
after incubation yielded a potent fever-inducing fraction 

As pointed out, 21 observations on the liquefaction of a 
clot bv necrosm indicate that the latter contains a pro- 
teohtic factor if it is not per se a proteolyic enzyme 
The obsenations on the effect of incubation on purified 
necrosm add further support to the surmise that pyrexin 


may well be a split product of proteolysis exerted by 
necrosm on a euglobuhn substrate Pyrexin fails to 
display any proteolytic activity on a clot induced by 
fibrinogen and thrombin Its stability when heated 
suggests, in part at least, that it is probably not an 
ordinary proteolytic enzyme, in contrast with necrosm 

Table 7 — Effect of Heat on the "Activity of the 
Pyrogenic Factor of Necrosm 


Treatment 


Basal 

Temper 

Maximal 
Temperature 
During a 
Period of 

Increase 
in Temper 

of 

Ratjbit 

ature. 

About 6 to 7 

atuie. 

Necrosm 

No 

F 

Hr , P 

F 

Untreated 

23 27 

103 6 

105 25 

1 65 


23 OS* 

103 0 

104 4 

14 


2317* 

102 5 

107 0 

4 5 


23 20 

102 4 

106 6 

42 


2311 

103 0 

106 8 

38 


23 52 

102 05 

105 0 

2 95 


23 52 

103 8 

105 6 

18 


23 52 

102 5 

106 4 

39 


23 52 

102 6 

104 5 

1 9 


23 52 

102 4 

106 3 

30 


Average increase in temperature 

3 0 

Boiled 

2317* 

102 8 

105 2 

24 


23 48* 

103 2 

104 5 

1 3 


23 26 

103 2 

103 65 

0 45 


23 27 

102 6 

105 5 

29 


23 38 

103 0 

107 8 

48 


23 38 

103 6 

105 8 

22 


23 38 

102 7 

105 6 

29 


23 38 

102 4 

105 45 

3 05 


23-38 

1*2 45 

103 S 

1,15 


2311 

103 2 

106 3 

31 


23 62 

102 65 

104 1 

145 


Average increase in temperature 

2 34 

Ashed 

23 78 

103 0 

103 3 

03 


23-72 

103 6 

104 7 

11 


23-70 

102 2 

103 4 

12 


23-61 

102 5 

102 6 

01 


23 27 

102 0 

102 4 

04 


23 72 

103 25 

103 8 

0 65 


Average increase in temperature 

0 61 

* Human 

necrosin was 

utilized, 

canine material was em 


ployed In the other experiments 



Chart 4 — Effect of incubation on an otherwise non- 
pyrogenic purified necrosm fraction temperature curve 
with nomncubated necrosm ( ) , curve with in- 
cubated necrosm ( ) 

When either the whole euglobuhn fraction of exudate 
or pyrexin is treated with crystallized trypsin and in- 
cubated, the pyrogefnc effect remains essentially un- 
altered Crystallized trvpsm per se is nonpyrogenic, 
Scrapings of the duodenal mucosa of dogs or rabbits 
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suspended m glycerin fail to yield enzymes which 
appreciably affect the potency of pyrexin 

Nitrogen determinations conducted by Miss Constance 
Sellman, of the New England Deaconess Hospital, in 
Boston, ha\e yielded in three samples of pyrexin 
concentrations of 12 93, 10 65 and 10 23 per cent, 
respectiv ely r Three total phosphorus determinations 
have shown concentrations of 0 79, 0 915 and 1 39 per 
cent, respectively The ratio of the nitrogen to the 
phosphorus does not seem to indicate that one is deal- 
ing with a simple nucleic acid derivative, while at the 
same time the inability of trypsin to hydrolyze the 
active material does not seem to support a simple 
intermediary nitrogenous compound, e g , a peptide, 
although m this respect it is to be recalled that trypsin 
itself has some degree of substrate specificity The 
possibility is not precluded that one may be dealing with 
a peptide attached to a derivative of nucleic acid 
Preliminary deamination may yield further information 
on this point A phospholipid linkage is also not yet 
precluded by the available data The Molisch test on 
the material is negative, suggesting the absence of any 
conspicuous carbohydrate grouping The material is 
usually found to react positively in the ninhydrin test 
and to yield only a minute trace of a reaction in a biuret 
test That one may be dealing with a peptide linked to 
a derivative of nucleic acid is a distinct possibility This 
view, however, will have to be studied furthei before 
a final conclusion can be reached 
Exaction of a Pyrogenic Factoi m Urine with the 
Piogiess of an Acute Pleural Inflammation — It is of 
interest to determine the fate of the pyrogenic factor 
with the progress of inflammation It is found that 


in part excreted in the urine (table 8 and chart 5) 
The active material in the urine can be frequently 
recovered as a precipitate by treating the urine for a 
number of hours in a refrigerator with ammonium 
sulfate at one-third or one-half saturation (chart 5) 
The nitrogen content of one such active sample was 
found to be 10 63 per cent, while the total phosphorus 


Table 8 — Urinary Ercrehon of a Pyrogenic Factor 
Dining the Progress of an Acute Pleural 
Inflammation 


Dog from 


Duration of 

Maximal Rise m 
Temperature in 
Rabbit Within a 

"Winch Urine 


Inflammation 

Few Hours After 

Was 

Rabbit 

in Dog, 

the Injection of 

Obtained 

No 

Days 

Canine Urine F 

10 r 

23 20 

0 

1 0 


23 2G 

1 

1 (<o 


23 20 

2 

2 S 


23 20 

3 

30 


23 20 

4 

27 

11 F 

2318 

0 

05 


23 M 

1 

1 9 


y 

1 day after reinjection 1 73 


23 20 

of irritant in the pleura 

2 days after reinjec 2 5 

12 F 

23 54 

tion of irritant 

0 

2,35 


23 27 

1 

2 So 


23 27 

4 

3 75 

11 F 

X 

0 

2 8 


23 27 

1 

2 75 


23 11 

2 

41 


23 30 

3 

4 6 



Chart 5 — The urinary elimination of a pyrogenic factor in an animal with inflammation , tempera- 
ture curve showing the presence of a pyrogenic factor m the urine, , curve showing the presence of 

a pyrogenic factor in the ammonium sulfate-treated fraction of the urine Degrees of maximum increase in tem- 
perature (F ) are shown at the left , duration of inflammation m hours, at the bottom 


in general the urine becomes gradually more pyrogenic 
as the inflammatory reaction proceeds The data bear- 
ing on several of the experiments from which this 
observation is drawn are listed in table 8 The dog 
is kept in a metabolic cage before and after intrapleural 
introduction of the irritant The urine is collected 
daily and about 0 5 cc is injected intravenously into a 
rabbit It is to be noted that in 2 dogs l(12F and 14F) 
the urine per se prior to inducing pleurisy in the 
animals is distmctlv pvrogemc This fever-inducing 
capacity , how ever, is further enhanced with the progress 
of the inflammatory reaction The initial pyrogenic 
activ lty sometimes encountered with the urine of an 
apparently normal dog raises a question as to the 
possibllitv that pyrexm is a product of protein catabo- 
lism which under apparently normal circumstances is 
eliminated in the urme This pomt deserves further 
^tudv At anv rate, the observations suggest that 
P' rexm lormed at the site of inflammation is at least 


content was approximately 0 99 per cent These chemical 
determinations on material from urine are of the same 
order as those found for pyrexin recovered from 
exudate This perhaps suggests that one is dealing with 
a single substance formed at the site of injury and 
subsequently excreted at least m part in the urine 

Mode of Action of Pyrexin — The exact mode of 
action of pyrexin doubtless requires considerable further 
study Preliminary observations indicate that an anti- 
pyretic such as acetylsalicylic acid apparently reduces 
the activity of pyrexin, as demonstrated when it is 
subsequently injected into a rabbit Antipyretics are 
believed to act directly on the centers regulating tem- 
perature Furthermore, it is known that barbiturates 
depress the hypothalamic region near where the tem- 
perature-regulating centers are presumably located 

24 Masserman, J H Arch Neurol & Psychiat 
37 617, 1937 
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Pentobarbital sodium administered to a rabbit that has 
received the whole euglobulm fraction of exudate or 
pvrexin tends to depress the pyrogenic activity (chart 
6) These facts are merely suggestive that the effect 
of pjrexin is directly on the fever-controlling centers 
located in the region of the hypothalamus 



Chart 6 — Depressing effect of pentobarbital sodium 
on the pyogenic action of pyrexm temperature curve 
when pyrexin and isotonic solution of sodium chloride 

were injected ( ) , curve when pyrexm and 

pentobarbital sodium in isotonic solution of sodium 

chloride were injected ( ) Degrees Fahrenheit 

are shown at the left , lapse of “time ‘ in hours, at the 
bottom The arrows indicate the points at which 
injections of pyrexm ( » and saline solution 

( » and pentobarbital sodium in saline solu- 
tion ( » were made 

COMMENT 

The observations reported in the present com- 
munication indicate that there is a pyrogenic 
factor in inflammatory exudate This factor is 
associated with the euglobulm fraction but evi- 
dently is not itself a euglobulm It seems rather 
to be a proteolytic split product brought about 
by the action of necrosm, which in turn either is 
an enzyme or m its present state of purification 
displays proteolytic activity Purified necrosm 
as such is nonpyrogenic It seems to be either 
a true euglobulm or at least a substance linked 
with that protein fraction of exudate The fever- 
mducing substance is found to be largely associ- 
ated with the relatively insoluble component of 
the whole euglobulm fraction of exudative ma- 
terial With respect to this insolubility in the 
piesence of S0 4 = ions it is in contrast with 
necrosm The latter is soluble also in isotonic 
solution of sodium chloride and appears to form 
at least part of the euglobulm complex of exudate 
For the sake of convenience, the pyrogenic fac- 
toi has been termed pyrexm 

The exact chemical natuie ot pyrexin is still 
unknown It seems to be an end product of 
enzvmatic activity associated with necrosm Its 
nitrogen concentration is in the neighborhood of 
11 per cent and its total phosphorus concentia- 
tion is about 1 per cent The material is in- 
soluble m distilled water, in isotonic solution of 


sodium chloride and in the presence of am- 
monium sulfate It is insoluble m a strong acid 
but appears to be soluble in a relatively weak 
alkali It is mdiffusible, and it is heat stable 
The ninhydrm reaction on pyrexin is frequently 
positive, although this does not appeal to be true 
of the active material recovered from urme The 
Moll sell test for carbohydrates is negative The 
possibility that one is dealing with a simple 
peptide attached to a nucleic acid group is not as, 
yet precluded by the data on hand Further 
studies are under way m an endeavoi to obtain 
more precise information concerning the chemi- 
cal nature of pyrexm , 

In earlier studies I pointed out that the basic 
phenomena m inflammation are referable to the 
liberation of various biochemical units lb These 
common factors result probably from a derange- 
ment or an alteration of the chemical organization 
of the cell unpaited dr initiated by the presence 
of an mutant It is these factors which are 
tesponsible foi the essentially stereotyped reac- 
tion of inflammation Such liberated substances 
include leukotaxme, capable of reasonably 
explaining the mci eased capillary permeability 
and the local migration to the site of injury of 
polymorphonuclear leukocytes 25 , the leulco- 
cytosis-promotmg factor, which explains the 
leukocytosis often associated with inflammatory 
processes and the concomitant hyperplasia of 
granulocytes in the bone marrow, 26 and necrosm 
(possibly a proteolytic enzyme), which is capable 
of accounting for the primary mechanism of in- 
jury in the development of inflammation 1 Dex- 
trose and possibly even urea are likewise lib- 
erated by injured cells into exudative material 27 
Finally, a growth-promoting factor or factors 
perhaps concerned with repair seem to be le- 
leased into the exudate 25 

Fever, as a rule, is associated with some form 
of cell injury The present study indicates the 
piesence in an inflamed area of pyrexm, which 
is concerned m the production of fever with in- 
flammation Its mode of action may be a direct 
effect on the heat-regulating centers in the hypo- 
thalamic region In bnef, all these studies point 
to the necessity of improving further the present 
understanding of the biochemical nature of the 
injured cell m order to throw additional light 
on a number of basic pathologic processes 

25 Menkin, V J Exper Med 67 129 and 145, 
1938, Dynamics of Inflammation, New York, The Mac- 
millan Company, 1940 

26 Menkin, V Am J Path 16 13, 1940, Arch 
Path 30 363, 1940, m Alexander, J Colloid Chem- 
istrjv New York, Reinhold Publishing Corporation, 
1944, vol 5, Am J Path 19 1021, 1943 

27 Menkin, V Am J Phvsiol 138 396, 1943 

28 Menkin, V Cancer Research 1 548, 1941 
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SUMMARY 

A pyrogenic factor is associated with the 
euglobuhn fraction of inflammatory exudate To 
a large extent it can be dissociated from necrosm, 
a toxic material, which m turn either is a euglob- 
uhn or is at least a substance closely linked with 
that protein fraction of exudate 

The dissociation of the pyrogenic factor from 
necrosm is accomplished by differential solu- 
bility Necrosm is soluble in water containing 
sulfate ions, whereas the pyrogenic factor fails to 
be appreciably dissolved in the presence of such 
ions 

The pyrogenic factor is termed, for the sake ot 
convenience, pyi eun Its exact chemical nature 
is still problematic It appears to be a hydrolytic 
product brought about by the action either of 
necrosm or of proteolytic enzymes associated 
with the latter 


Pyrexm is nondiffusible, and it is heat stable 
Its nitrogen and phosphorus concentrations are 
about 11 and 1 per cent, respectively 

Pyrexm is essentially absent in noimal non- 
hemolyzed blood serum, but it is piesent to some 
extent in hemolyzed serum and also in the serum 
of an animal with a concomitant inflammation 
In experiments on dogs a pyrogenic factor was 
i ecovered in increasing amounts from urine with 
progress of an inflammatory reaction in the 
pleural cavity The evidence suggests that one is 
dealing with pyrexm, which is eliminated at least 
in part in the urme 

Pyrexm offers a leasonable explanation foi 
the primary mechanism of the fever frequently 
accompanying inflammation Preliminary indi- 
rect studies suggest that its mode of action may 
possibly be via the hypothalamic heat-regulatmg 
centers 
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This is a stud) of over 600 lenal tumois, 
50 of which are from the Pathology Laboiatory 
of the National Institute of Health , the re- 
mainder are in the Kidney Tumor Registry at 
the Army Medical Museum Of these tumors, 
five hundred and eight) -six may be roughly 
classified as follows 


Tumors derived from pelvic epithelium 114 

Mixed (Wilms) tumors, adenosarcoma, etc 61 

Miscellaneous tumors 15 

Papillary and solid cancerous tumors 396 


TYPES OF PAPILLARY AND SOLID RENAL 
CANCERS 

This article deals particulaily with the 396 
tumors of the last category, which embraces 
all the more disputable lenal tumors Studies 
for fat and glycogen were made on suitable sec- 
tions of 75 of these Somewhat less than half 
the total (191) can be readily classified as of 
four recurring types 

Group I 29 tumors bearing a close resemblance to 
the common noncancerous adenoma of the renal cortex 

Group II 85 papillary carcinomas containing both 
gh cogen and lipoids, with clear cells often predominant 

Group III 13 solid carcinomas composed of large, 
finely granular cells with glycogen but not lipoid 

Group IV 64 solid carcinomas with cells grouped 
in small cords or islands 

The remaining 205 tumors are chiefly mix- 
tuies of the types mentioned in which variations 
make precise classification difficult 

G> oup I -—The nomenclatures which have been 
employed by pathologists for the cancerous 
tumors derived from the cortical adenomas are 
particularly confusing The cancerous tumors 
have been called papillary or tubulai carcinoma, 
or adenocarcinoma, or they have been called 
granular cell, solid cell or smooth cell carcinoma, 
to distinguish them from clear cell tumors 
Unfortunately, these same terms are often ap- 
plied to other types of cancer not allied to cortical 
adenoma 

The similarities between the cancel ous and 
the noncancerous (adenomatous) tumor of the 
renal cortex are sufficiently great that a descrip- 
tion of one is almost a description of the other 

From the Patholog\ Laboratory, National Institute 
of Health, United States Public Health Sen ice 


It is only needed here to emphasize that m both 
cancerous and noncancerous tumors the cell mar- 
gins are not distinct, the inner (lumen side) 
margin of the papilla (or septum, according to 
Sudeck 1 ) is even and regular, and the mam 
growth takes place in the cystadenomatous man- 
ner 

Because noncancerous adenomas arise so often 
m scars and in artei losclerotic contracted kid- 
neys, multicentric origin of cancerous tumors 
of this type is likewise possible In the present 
series there are no specimens which illustrate 
this clearly 

Gi oup II — The archetype of tumors catego- 
nzed here is the well known papillary clear cell 
caicinoma, the most common of all renal tumors 
Many tumors of this type show papillary forms 
quite like those of the tumor in group I except 
for three important points 

1 The inner (lumen side) margin of the 
papilla (septum, tubular and acinous foimation) 
is uneven and irregular 

2 The margins between cells are sharply out- 
lined 

3 The cytoplasm contains abundant quantities 
of glycogen and of neutral and anisotropic 
lipoid 

Gi oup III — The tumors m this group repre- 
sent an entity which has apparently not been 
recognized as such m the past and requires a 
brief description It is illustrated by Ewing 2 
under the title of “adrenal tumor of kidney ” 
It is a solid tumor, the cells of which are finely 
granular and never clear except for clear halos 
about the nuclei (A and B m the accompanying 
figure) The remamdei of the cytoplasm shows 
numerous ill defined threads and filaments, which 
appear as granules when cut across Areas of 
tumor are seen m which these filaments seem 
to float in a watery cytoplasm This cyto- 
plasmic chaiacter is only superficially like that 
of the adienal cortex, m which strands of cyto- 
plasm separate numerous small fat droplets 
Glycogen is uniformly present m all neoplastic 

1 Sudeck, P Virchows Arch f path Anat 133 . 
405, 1893 

2 Ewing, J Neoplastic Diseases, ed 4, Phila- 
delphia, W B Saunders Company, 1940, p 820 
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A and B, group III carcinoma of the kidney C, D and E haphazard, pseudocolumnar and syncytial multi- 
la} cred tumor epithelium lining papillae 
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cells as evenly scatteied small granules m con- 
siderable numbers Fat was wholly absent fiom 
the tumor cells of 4 of the tumors in this group, 
in a fifth a model ate amount was present in not 
too well nounshed areas However, much 
neutral fat m fine gianules is widely and evenly 
distributed throughout the stroma of the typical 
tumors, the stroma being composed of coaise 
dense fibrous tissue in which run markedly 
hyaline blood vessels 

G> oup IV — This group of renal cancers is 
comprised mainly of tumors of the small cell 
solid t)pe, commonly called hypernephioma, 
which shows much glycogen and lipoid in the 
tumor cells and has a delicate stroma 

papill\ry and solid renal cancers not 

READILY CLASSIFIABLE 

The difficulties that are encounteied m classi- 
fying the remaining 205 tumois stem from the 
numerous variable features which play a pait 
in their formation These are detailed briefly 
Formation of Solid Aicas in Papilla) y 
Tumois — The most common variations in renal 
tumors are combinations of papillary structuies 
(group II) with solid tumor tissue typical of 
the tumors in group IV Two important fea- 
tures are associated with this process of solidifi- 
cation the irregularity of the papillary margins, 
and the formation of multiple layers of tumoi 
cells lining the papillae All stages and degrees 
of transition and intermingling have been en- 
countered m this series The size of the solid 
“islands” formed in the papillary tumors appeal s 
to be a factor of the thickness of cell layeis 
lining the papillae 

Multilayei ed Tamoi Epithelium Lining Papil- 
lae — -The cells lining these papillae take any 
of three common arrangements (1) haphazaid 
— piled on top of each other (Cm the figure) , 
(2) pseudocolumnar (D in the figure) and (3) 
syncytial {E in the figure) It has not been 
found practical to make subdivisions according 
to these cell ai rangements The cancers with 
the syncytial airangement are most interesting 
and resemble m some ways the uncommon 
papillary cancers arising in the renal pelvis 
Thirteen examples are noted here 

Pumaiy and Secondaiy Papillae — Foui 
tumors m group I and 8 in group II showed 
abundant short secondary papillae lining the 
longer primary papillae In the tumors of 
group II these secondary papillae commonly 
anastomose 

Gianulaiity of Cells — Granular cells are pies- 
ent m most tumors of groups II and IV Clanty 
of cells is chiefly the effect of accumulation of 


fat and glycogen Howevei, cells may contain 
both these substances m fair quantities in the 
form of small granules and still exhibit granular 
cytoplasm The clarity of the cells is of no 
moment , it is a matter of the cell contents 
Hence classification on the basis of granularity 
or clanty of cells is not workable 

Glycogen — Tumors of group I and tumor 
tissue of group I type intermingled with other 
types do not reveal glycogen It occurs m 
tumors of groups II and IV usually as laige 
and small globules oi masses, sometimes as 
pseudomaltese crosses In tumors of group III 
it is granular m form, exclusively 

Lipoids — Cholesterol clefts occurring m ne- 
crotic and inflammatory areas, occasionally with 
some xanthomatoid reaction, are of little or no 
significance Neutral fat deposits are common 
in pooily nourished aieas The best guide to 
the impoitance of fat deposits is the pioportiqn 
of doubly retractile lipoid present In some 
tumois with relatively little fat along the basal 
margin of the cells, the pioportion of anisotropic 
material is high Significant fat deposits aie 
accompanied by extensive glycogen deposits 
The apparent sequence is — glycogen — > neutral 
fat — » anisotropic lipoids The studies of Wells ° 
and other authors have shown most of the 
doubly refiactile lipoid to be cholesteiol and 
lecithin 

Xanthoma Cells — The stroma of 26 tumois 
showed such cells 

Cases Percentage 

Wilms tumors 2 4 

Noncancerous cortical ade- 
nomas 12 37 

Group I, cancerous 8 28 

Group II 45 

The percentages aie based on the totals of the 
readily classifiable tumors Xanthoma cells were 
not seen m any otheis Schiller 4 considered 
these cells metaplastic adrenal cells, but Ribbert 5 
and otheis have found them especially m cortical 
adenoma The xanthoma cells do not appear 
to be neoplastic m charactei 

Desmoplasia — This was seen in 18 solid 
tumors of group IV, usually in isolated areas, 
sometimes involving much of the tumor Intel - 
cellular fibiosis is about equally common m the 
moie static forms of solid tumors of gioup IV 
nomnvasive m appearance It distorts the 
arrangements of cells in cords and islands to a 
marked degree 

3 Wells, H G J M Research 17 461, 1907-1908 

4 Schiller, W Arch Path 33 879, 1942 

5 Ribbert, H Geschw ulstlelire, ed 2, Bonn, T 
Cohen, 1914, p S47 
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Anaplasia — This may occui in any type of 
tumor tissue In 18 tumors it was so extensive 
that analysis of their basic character was impos- 
sible Isolated anaplastic aieas are common in 
many tumors and are the most fiequent source 
of metastases 

Capsules — Though often obseived in renal 
tumors, capsules are without significance 
Tumors of gioups II and III are never infiltra- 
tive unless anaplastic This is probably also 
largely true of those of gioups I and IV The 
tendency to grow m a cystadenomatous manner 
is pronounced in the case of papillary growth 
and is not lost m the solid tumors No conclu- 
sions should ever be drawn as to the liability of 
these tumors to spiead by metastasis on the 
basis of the presence 01 the absence of a capsule 

Lumens — Wberevei the solidification of a 
papillary tumor is imperfect, lumens may be 
expected They will not have legular outlines, 
because, as indicated m an earlier paiagraph, 
the lumen side margins of the tumors of group II 
are characteristically 11 regular Potential lumens 
which exist in solid tumors are often made 
appai ent only by hemorrhage in them 01 extiav- 
asation of fluid Thu teen tumors of gioups 
II and IV were predominantly cystic as a result 
of this 

Clvonic Inflammatory Changes — Extensive 
lymphocytic and plasma cell infiltrations were 
observed in 11 tumois of gioup II with multi- 
layered epithelium lining the papillae The in- 
flammatory changes were not related to necrosis 
or degeneration 

Wilms Tumois Occui i mg in Adults — These 
may show the papillary type of renal cancel 
Three excellent examples weie noted as fol- 
lows (1) papillaiy cleai cell cancer inter- 
mingled with rhabdomyosarcoma, (2) group I, 
II and IV tumor plus myoblastic sarcoma and 
(3) cystic group II cancer together with large 
quantities of adult smooth muscle 

Embryonal Carcinoma — In addition to the 
mixed (Wilms) tumors, theie are other em- 
bryonal tumors which also appeal to have ansen 
from the renal blastema, composed of daikly 
staining cells Seven solid and 2 alveolar can- 
cers of this type occurred in the series The 
teim “embryonal carcinoma” should be limited 
to these rare tumois 

Adenocarcinoma — In the i ecapitulation to 
follow 15 tumors diagnosed as adenocarcinoma 
are listed under gioup I Adenocarcinoma of 
the kidney does not differ greatly from that of 
the stomach, the breast and other organs Nine 
of these tumors show some atypical traces of 
group I type tumor tissue Six cannot be iden- 


tified as renal tumoi on a histologic basis The 
use of the term “adenocaicmoma” should be 
avoided elsewheie in the nomenclatuie of renal 
tumors 

Opaque Cell Papillary Carcinoma — Theie are 
7 tumors m the series in uffiich the charactei of 
the cells is sufficiently 7 diffeient to set them 
apart as a subgroup of gioup I They aie 
smooth cell, opaque cell or solid cell cancers 
The cells are larger from a broadening out of 
the cytoplasm, which is basophilic and pale but 
without any trace of gianulation The nuclei 
have prominent nucleoli, and m 1 tumor theie 
are numerous hyaline eosinophilic cytoplasmic 
bodies 

Age and Sex Incidence — Only 7 the moie 
leadily classifiable tumois on which data aie 
available aie listed 

Percentage 



From 

From 

from 

Average 


Males 

Females 

Males 

Age 

Group I 

38 

5 

88 

518 

Group II 

120 

35 

77 

54 4 

Groups III and IV 

67 

40 

63 

541 


Ow 7 mg to the fact that the male population 
w 7 as somewhat more heavily diawm fiom than 
the female, some correction would have to be 
made, but this still wmild leave a prepondeiant 
incidence of tumors of groups I and II in males 
The ages of occui rence lange widely from 40 
omvard 

Recapitulation — Although the variations m 
individual tumois often lender classification 
awkward, there exists a pronounced tendency, 
even on the part of some highly 7 differentiated 
solid tumors, to haik back to the noncancerous 
papillary adenoma Ovei lapping of featuies 
with those exhibited by 7 cancel ous tumoi s of both 
mesonephroic and pelvic ongm leads necessanly 7 
to the conclusion that cells of adrenal gland 
origin play no part whatevei in their histo- 
genesis 

The classification of the 627 tumois of the 
kidney 7 may 7 be recapitulated as follows 


A Tumors derived from pelvic epithelium 114 

B Tumors derived from the renal blastema 

1 Mixed tumors — adenocarcinoma, adeno- 

sarcoma, Wilms tumor 51 

2 Apparently pure myosarcoma and m>o- 

blastoma 10 

3 Embryonal carcinoma 9 

C Miscellaneous tumors — fibrosarcoma, s>m- 

pathicoblastoma, hemangiosarcoma, etc 15 

D Tumors derived from the renal glandular 

epithelium 

Group I Adenopapilloma and its cancerous 
derivatives 
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A Noncancerous and adenopapilloma 32 

B Papillary and tubular carcinoma 29 

C Opaque cell papillary carcinoma 7 

U Adenocarcinoma IS 

Group II Papillary and partly solidified 
carcinoma containing glycogen and fat 
A Wholly papillary carcinoma 85 

B Papillary and solidified carcinoma 90 

C With added features of group I carci- 
noma 25 

Group III Large, finely granular cell carci- 
noma containing glycogen in granular 
form 

A Uniformly solid 13 

B With some papillary forms 11 

C With added features of group I carci- 
noma 3 

Group IV Solid tumors 

A Uniformly solid, small cell groups 64 

B Uniformly solid, large cell groups 13 

C Anaplastic 18 

D With added features of group I carci- 
noma 10 

Group V Miscellaneous 

A Mixed tumors showing group II papil- 
lary carcinoma (Wilms tumor in adults) 3 
B Tumors dubiously of pelvic or renal 

parenchymal origin 3 

C Noncancerous adenoma of duct of Bellini 1 

D Tumors unclassifiable because of extreme 
variation 6 


SUMMARY 

The tumors derived from the adult renal 
parenchyma have the common feature of a basic 
papillaiy stiucture Although the uniformly 
solid tumors are wholly solid from their begin- 
nings, they nonetheless repeat structural forms 
observed in the papillaiy tumors which have 
become solid m some parts Thus, in the transi- 
tions from the puiely papillary to the purely 
solid tumois there seems to be a development 
or evolution as a result of which any combina- 
tion of different types of tumor cells or tissues 
may occui This evolutionary phenomenon is 
remarkable for three important featui es, viz , 
the accumulations of glycogen and lipoids, the 
alteiations m character of the cytoplasm of the 
tumor cells and the filling-m of lumens oi intei - 
papillaiy spaces to form islands of solid tumoi 
tissue 

In spite of the numeious variable factors m 
the papillary tumors, even the more rai e features 
are observed repeatedly m an adequately large 
senes, and, in addition, it is found that about 
half of these tumors can be leadily placed m 
one or another of four gioups representing foui 
distinct cellular and structural types 
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FATAL PANNICULITIS 
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Although a numbei of cases of Weber-Chris- 
tian disease have been recorded/ repoits which 
include postmortem observations are iaie 2 It 
is the purpose of this paper to present the clini- 
cal and the pathologic observations m anothei 
case of fatal panniculitis 

REPORT OF A CASE 

A 23 year old white salesgirl from the San Joaquin 
Valley of California was first seen at the Stanford 
University Hospitals in 1938 She complained of 
lecurrent crops of painful red spots and elevated nodules 
on her legs Their first appearance was associated with 
fever, generalized aching and cough During 1937 she 
had several crops, accompanied by elevation of tem- 
perature to 103 F, night sweats and fatigue During 
one episode, in August, she also had abdominal pain 
and vomiting In December she required hospitaliza- 
tion for cellulitis of the jaw following extraction of a 
tooth because of “focal infection” 

In April 1938, at another institution, one of the lesions 
cleared up under treatment with local injections of 
thymol and its administration by mouth, this therapv 
was instituted in the belief that the disease was an 
infection with Coccidioides However, another nodule 
on the leg broke down, and fresh lesions appeared 
despite treatment 

Eva mutation — The heart and the lungs appeared 
normal The blood pressure langed from 90 to 114 mm 
of mercury systolic and from 50 to 70 diastolic The 
spleen was palpable 2 fingerbreadths below the costal 
margin, but the abdominal findings were otherwise not 
remarkable The ankles appeared swollen, but there 
was no pitting edema 

There were many lesions ranging up to 3 cm in 
diameter on the lower parts of the legs, especially on 
the lateral and posterior aspects of the calves There 
were a feu on the thighs and buttocks and one in the 
left breast Some were dark purple-red blotches, while 
others were indurated nodules fixed to the skin but not 
to the deep tissues In places the overlying skin was 
scaling A few lesions on the legs showed ulceration 
with formation of superficial sinuses and a purulent 
discharge The sites of some receded nodules appeared 
as depressed scars 

Com sc — Because of low titers of antistaphylolysin 
and antihemoh sin the patient was given a graded 

From the Departments of Pathology and Medicine, 
Stanford Unnersity School of Medicine, 

1 Larkin, V de P , DeSanctis, A G , and Marguhs, 
A E Am J Dis Child 67 120, 1944 

2 (a) Tilden, I L , Gotshalk, H C , and Avakian, 

E V Arch Dermat & S>ph 41 681, 1940 (b) 

Miller, J L , and Kritzler, R A ibid 47 82, 1943 

(c) Spam, D M, and Folej, J M Am J Path 20 

783, 1944 


series of injections of staphylococcus toxoid, and the 
titers rose to within the normal range At first the 
injections were followed by chills and fever, with 
swelling of the joints of the fingers New nodules 
appeared and some broke down, but eventually the 
ulcers healed 

After a remission which lasted until March 1939, 
fresh lesions appeared In June the patient removed a 
crusted “keratosis” near her left ankle with a razor 
It was not clear whethei this area had been the site of 
one of the nodules However, an ulcer, resistant to 
local treatment, developed, it persisted for months and 
was associated with bouts of fever It became much 
worse in July 1940, after cauterization at another insti- 
tution In November 1940, while she was in Stanford 
Hospital for treatment of the lesions on the legs, 
staphylococcic septicemia developed Sulfatlnazole had 
to be administered for six days before blood cultures 
became sterile There were splenomegaly and leuko- 
penia By January 1941 the ulcer on the ankle had 
healed and the spleen had become smaller 

During most of 1941 the patient did fairly well and 
hei leukocyte count was as high as 6,000 cells per cubic 
millimeter of blood However, by the end of the year 
rehospitahzation was made necessary by the appearance 
of fever, subcutaneous nodules and a painful swelling 
in the left breast The temperature was as high as 
102 2 F , and the spleen again extended 4 fingerbreadths 
below the costal margin 

She was hospitalized for the last time Feb 26, 1942, 
with a temperature of 105 8 F and a leukocyte count 
of only 1,000 cells per cubic millimeter of blood A 
lesion on the inner upper portion of the left thigh and 
buttock had ulcerated and enlarged until it measured 
10 by 15 cm The surrounding induration extended ur 
over the inguinal region The lower poition of the 
abdomen became exceedingly tender, and the temperature 
ranged between 104 and 105 8 F She did not tolerate 
food and was kept alive by intravenous injections of 
fluids and transfusions A systolic murmur and a gallop 
rhythm appeared, the heart sounds grew famt and the 
cardiac shadow was enlarged on roentgen examination 
Between March 10 and March 20 she was given 6 
roentgen baths of 5 r each She died, disoriented and 
semicomatose, March 25, with a terminal temperature 
of 106 7 F 

Laboiatoty Data —Urinalysis repeatedly gave normal 
results, and the Wassermann reaction of the blood was 
negative The hemoglobin content of the blood ranged 
from 11 I to 14 9 Gm per hundred cubic centimeters 
Erythrocjte counts varied between 3,700,000 and 5,100,- 
000 cells per cubic millimeter of blood Examination 
of marrow, obtained by sternal punctuie, revealed 
moderate cellulanty, there was slight l eduction of the 
mi eloid elements but normal distribution The red 
cell series -was normal Many tuberculin tests made 
with dilutions of 1 10,000 and 1 1,000 gave no re- 
actions There were repeated, strongly positive reactions 
to coccidioidin (0 1 cc of a 1 1,000 dilution) , the site 

42 



FRIEDMAN— FATAL PANNICULITIS 


43 


of injection was marked by an area of erythema 4 cm 
in diameter with an indurated center 2 cm in diameter 
Material from the lesions on the legs was cultured 
on Sabouraud’s medium and other mediums and was 
inoculated into guinea pigs (mtraperitoneally and mtra- 
testicularly) , Coccidioides m particular was searched 
for No mycotic or acid-fast forms were found, 
although both Staphylococcus albus and Staphylococcus 
aureus w r ere encountered, some of which were coagulase 
positive A portion of material from the nodule in the 
breast w'as also cultured and inoculated into guinea 
pigs, wuth negative results 

The following agglutination tests gave negative 
results typhoid bacilli (H and O), paiatyphoid bacilli, 
Bacillus suipestifer, Brucella abortus, Brucella suis, 
Brucella melitensis, Bacillus tularensis and Bacillus 
proteus X 19 The reaction to brucellergin m a 
cutaneous test wuth 0 1 cc of antigen w’as negative 
Cultures of stools yielded no organisms of the typhoid- 
dysentery group Chemical examinations of the blood 
gave the following values protein, 5 2 to 5 7 Gm , 
calcium, 8 3 mg , phosphorus, 3 9 mg , sugar, 82 to 
93 mg , urea, 18 to 21 mg, and cholesterol 188 mg 
per hundred cubic centimeters The phosphatase content 
of the blood was 6 7 units (Bodansky) 

White blood cell counts showed leukopenia during 
exacerbations of the disease, despite complications such 


lymphocytes or large stellate, spindle or rounded 
elements resembling macrophages Mitotic figures, 
some of which w'ere of the radial “burst” type, were 
present in the cells of the inflammatory infiltrate 
Occasional large elements somewhat resembling Reed- 
Sternberg cells and a rare giant cell w’ere also seen 
Relatively few of the many macrophages contained fat, 
collections of them filled occasional lymphatics Some 
epithelioid cells clustered m granuloma-like concentric 
rings about empty spaces which suggested that fat had 
been dissolved from them Other little granulomas 
resembled tubercles, with central necrosis and frag- 
mentation of chromatin Some foci of liquefaction were 
present A variety of special stains failed to reveal 
bacterial or mycotic organisms, including acid-fast 
forms 

The septums of connective tissue between the fat 
lobules w’ere unmistakably less involved than the fat 
lobules themselves, although they did show some edema, 
exudation of fibrin and cellular infiltration In the 
dermis the adipose tissue about the appendages was 
inflamed The wall of a large vessel coursing in a 
fibrous septum showed cellular infiltration, edema and 
slight disorganization of the lamellas There were 
concentric rings of proliferated adventitial cells around 
other vessels These changes did not suggest primary 
arteritis or phlebitis , they wei e probably secondary to 
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as the staphylococcic septicemia The table lists some 
typical counts The number of blood platelets also 
decreased during relapses, but the sedimentation rate 
w’as never elevated It varied between 4 and 10 mm , 
with a packed cell volume of 32 to 36 per cent 

Biopsies — Biopsy of an open lesion on the right 
leg and of a subcutaneous nodule from the left thigh 
w’as made July 25, 1938 There was chronic granu- 
lomatous inflammation predominantly involving the 
subcutaneous fat lobules Round cells and large mono- 
nuclears W'ere most abundant The dermis was far less 
involved than the underlying fat Cystic epithelial 
structures w’hich represented either keratinizing epi- 
dermal inclusions or dilated follicles plugged with 
keratin were seen in relation to the epidermis 

A specimen obtained from a nodule in the left breast 
Nov 3, 1941 showed only a few large mononuclear 
cells and lipoid phagocytes The section studied was 
probably not representative since most of the lesion was 
used for culture and for animal inoculation experiments 

Material was taken from the edge of the large ulcer 
on the left thigh March 4, 1942 Sections showed a 
partially necrotic, ulcerated epithelial surface lined by 
dense connective tissue heavily infiltrated with poly- 
morphonuclear leukocytes Away from the ulcer the 
inflammatory process u’as most intense in the fat lobules, 
winch showed considerable destruction of the normal 
adipose tissue accompanied bv cellular infiltration and 
proliferation (fig 1) There were relatively few’ poly- 
morphonuclear leukocytes , most of the cells w ere 


the inflammation of the fat Inflammation and 
thrombosis of vessels were evident in the wall of the 
ulcer Spreading down from the surface epithelium and 
extending between the collagenous bundles of the 
dermis was an extensive infiltration of cords and 
strands of squamous epithelial cells Many of the 
infiltrating cell cords appeared to be arranged along 
the course of a hair follicle The cells showed mitotic 
figures and foci of keratimzation 
Autopsy — On the legs were a number of depressed, 
atrophic pigmented scars The most striking feature 
w’as a foul-smelling ulcer, 15 cm in diameter, on the 
medial surface of the left thigh just below the gluteal 
fold The surrounding tissue was mduiated, swollen 
and purple-red The necrotic ulcerative lesion pene- 
trated deeply into the underlying tissues and extended 
upward as a fluctuant subcutaneous swelling beneath 
the inguinal ligament The overlying skin was dis- 
colored, and there were several sharp-edged perfora- 
tions about the mam ulcer The abdominal wall was 
thickened m the left lower quadrant by extension of 
the process The muscle and fibrofatty tissues, which 
w’ere hemorrhagic and softened, contained pockets of 
purulent exudate , these changes were observable 
through the intact parietal peritoneum The left 
inguinal nodes were enlarged, firm and embedded in 
indurated fat, but there was no generalized adenopathy' 
The pericardial sac contained 200 cc of clear fluid 
with a green tinge The fluid was tested for bile, with 
negative results At the apex of the left lung, beneath 
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a solitary fibrous adhesion, there was a fibrocalcific the involved portion of the abdominal wall and th 
nodule 0 4 cm m diameter At the base of the right spleen all yielded a coagulase-positive variety of Staph 
lung was a subpleural hemorrhagic patch 0 5 cm in aureus 

diameter The bronchial mucosa was reddened and Mia oscopic Examination — Thigh The epidermis was 

roughened The liver, which weighed 2,200 Gm , con- elevated from the hyperemic papillae by edema and was 

tamed a single ill defined yellow focus 1 cm in missing in some places A few keratotic plugs were 

diameter, bulging from the cut surface The heart present, and one hair follicle was surrounded by radiat- 



Fig 1 — Inflammation of a fat lobule in a biopsy specimen removed from the thigh 
Fig 2 — Scar of a healed lesion from the leg 


weighed 280 Gm , the spleen, 350 Gm , each kidney, mg streamers of hyperplastic epithelium comparable to 
about 200 Gm , and the brain, 1,400 Gm No gross those seen in one of the biopsy specimens The ulcer 

abnormalities of these organs were evident The bone was lined by necrotic hemorrhagic tissue which was 

marrow, the endocrine glands and the gastrointestinal infiltrated with polymorphonuclear leukocytes and con- 

an genitounnarv systems appeared normal tamed thrombosed vessels Away from the ulcer the 

Bactcrtologic Examinations — Cultures of the blood lobules of adipose tissue beneath the intact epidermis 

taken from the heart post mortem and material from were infiltrated by inflammatory cells The fat sur- 
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rounding the dermal appendages was similarly involved 
The cells, which were predominantly large mono- 
nuclears and macrophages, were concentrated especially 
about the margins of the lobules The intervening 
fibrous septums were much less heavily infiltrated than 
the fat The macrophages contained red cells, lympho- 
cytes, polymorphonuclear leukocytes, chromatin debris 
and a few fatty vacuoles There were occasional 
eosinophils, polymorphonuclear leukocytes and a few 
rounded hyaline acidophilic bodies 
Abdominal Wall The muscle and the fibrofatty 
tissues were infiltrated with polymorphonuclear leuko- 
cytes and mononuclears Focal hemorrhage, necrosis 
and suppuration were present Gram-positive cocci were 
noted About some of the vessels there were concentric 
lamellas of proliferated adventitial cells and fibro- 
blasts 

Inguinal Node The tissue was depleted of lympho- 
cytes, but there was hyperplasia of the reticuloendothelial 
cells, many of which contained hemosiderin The 
sinusoids were wide and contained many red cells, 
primitive lymphoid cells, large mononuclears and 
eosinophils There were macrophages containing red 
cells, leukocytes, nuclear debris and vacuoles A few 
eosinophilic bodies resembling those m the thigh were 
seen 

Scar on the Leg The section was taken from the 
site of an involuted nodule The atrophic epidermis 
dipped down over a fibrous scar which replaced the 
dermis and underlying adipose tissue (fig 2) 

Lungs There was a fibrinopurulent exudate in the 
bronchi, and a few patches of bronchopneumonia were 
noted The hemorrhagic nodule seen grossly proved to 
be a miliary septic infarct with a central vessel which 
was plugged by fibrin and contained masses of gram- 
positne cocci The surrounding tissue was necrotic 
The apical fibrohyaline and calcific nodule enclosed a 
few ovoid refractile bodies resembling empty spherules 
of coccidioides 

Adrenal Gland Foci of round cells and groups of 
pleomorphic cells were observed There were groups 
of swollen vacuolated cortical cells, most abundant in 
the zona fasciculata They did not contain fat and 
resembled the cells described by Miller and Kritzler 
Liver The hepatic cells contained considerable fat 
in large droplets, especially m the portal regions The 
nodule seen grossly was composed of disorganized liver 
cords in which almost all the cells were fatty Con- 
gestion, hemorrhage and agglutination of red cell masses 
m the sinusoids were noted within the nodule but not 
elsewhere in the liver 

Other Organs A scattering of large mononuclears 
was found in several places m the peripancreatic and 
mtrapancreatic adipose tissue, the fat around the pelvis 
of the kidney, the periadrenal tissue, the breast and 
the interstitial tissue of the myocardium In the heart 
were rare minute foci of fibrosis A small thrombus 
partially filled the lumen of a renal vein The spleen 
showed congestion and phagocytes containing red cells 
and hemosiderin Alar row from several sites revealed 
no change other than a slight reduction in the number 
of myeloid elements and mild hemosiderosis 

Leukopenia was more pronounced in this case 
than in any of those previously reported, the 
lowest leukocyte count hitherto mentioned being 
1,S50 3 The sedimentation rate was never ele- 

3 Brill, I C Relapsing Febrile Nodular Non- 
suppurative Panniculitis (Weber-Christian Disease), m 
Medical Papers Dedicated to Henry Asbury Christian, 
Baltimore, Waverlv Press, Inc, 1936, pp 694-704 


vated despite severe infection and high fever 
Although the ulceration of subcutaneous nodules 
which occurred is not usually present m cases of 
panniculitis, this feature has been described m 
an occasional report 

The patient obviously died of staphylococcic 
septicopyemia and not of panniculitis as such 
The susceptibility to staphylococcic infection may 
be of no special significance, but staphylococci 
were also cultured from an utceiated lesion m 
the Miller-Kritzler case The i epeatedly positive 
reactions to coccidioidin in cutaneous tests were 
explained by the healed primary lesion of 
coccidioidomycosis obseived m the lung 

Despite the phagocytosis of red cells, lympho- 
cytes and leukocytes by macrophages m the 
panniculai lesions and m the regional lymph 
nodes, there w ? as suipnsingly little stamable 
lipoid material in the phagocytes Few foam 
cells and no crystals were obseived Mitotic 
figures were abundant m the cells of the inflam- 
matory exudate The pseudoepitheliomatous 
hyperplasia of the epideimis at the edges of the 
ulcer on the thigh was far more extreme than is 
usually seen even in chronic ulcers of the legs 

The pathologic alterations in the viscera 
yielded no light as to the essential nature of the 
disease Changes in visceral adipose tissue, such 
as those described by Spam and Foley, 20 were 
not seen It is not clear what significance, if any, 
may be attached to the focal lesions in the adrenal 
coitex observed in both the Miller-Kritzler and 
the present case 

In making a histologic diagnosis of panniculitis 
one must first distinguish between those con- 
ditions which involve the fat lobule only secon- 
darily and those in which the adipose tissue is 
primarily affected 

Nonspecific inflammatory lesions, such as 
cellulitis, may extend into adjacent fat, but such 
a picture is rarely misinterpreted Although 
erythema nodosum and erythema mduratum may 
be characterized by exudative and granulomatous 
inflammation of the subcutaneous adipose tissue, 
the fibrous septums separating the fat lobules 
and the connective tissue of the dermis are in- 
volved as severely as the fat Clearly defined 
tuberculoid granulomas and angiitis are com- 
monly seen in the erythemas but are not present 
in cases of panniculitis In cases of true pannic- 
ulitis, on the other hand, one is struck by the 
localization of the exudative and proliferative 
reaction to the fat lobule itself The interlobular 
fibrous septums may be thickened, but they are 
relatively spared It can be seen that the in- 
volvement of the dermis which does exist is due 
to inflammation of the adipose tissue about the 
appendages and accessory structures 

There is primary involvement of the fat 
lobules in a few conditions besides Weber- 
Chnstian disease Traumatic fat necrosis inav 
closely simulate primary panniculitis In differ- 
entiating the two conditions the possibility that 
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one is dealing with a post-tiaumatic leaction can 
be excluded if multiple and recurrent lesions 
appear spontaneously and are unrelated to 
trauma Although neonatal adiponeci osis 4 and 
some reactions to cold 5 6 may also i esemble the 
lesions of panniculitis, usually they may be easily 
differentiated Howevei, in a lecently studied 
case of “cold allergy”, 0 a histologic appearance 
indistinguishable from that of Webei-Chnstian 
disease was encounteied m a section of a nodule 
produced by the application of ice to the f oi eai m 
Systemic diseases may involve the subcuta- 
neous adipose tissue and lesult in appaient pan- 
niculitis A case of Hodgkin’s disease has been 
ieported 7 in which the diagnosis of Webei- 
Christian disease was made at first because of 
the appeal ance of the cutaneous lesions Pannic- 
ulitis has also been noted m a case of Chagas’ 
disease m which Schizotiypanum ciuzi was 

4 Fox, H Arch Dermat & Syph 27 237, 1933 

5 Haxthausen, H Nord med (Hospital stid ) 7 
1174, 1940 McGovern, T , Wright, I S , and Kruger, 
E Am Heart J 22 583, 1941 

6 G J Heid and J Fromer Personal communica- 
tion to the author 

7 Reimann, H A , Havens, W P , and Herbut, 

P A Arch Int Med 70 434, 1942 


identified in the granulomatous lesions m the 
subcutaneous fat 8 

It is recognized that the piesent case is not 
entirely typical of Weber-Chnstian disease as 
onginally described It piobably should be 
grouped with other cases 9 m the litei ature which, 
while not altogether charactei istic of the fully 
developed syndiome, are best considered as in- 
stances of primary panniculitis Until more is 
known of the genesis of Webei -Christian disease, 
it might be well to broaden the diagnostic cntei la 
and include in this category all cases m which 
piimanly the subcutaneous fat lobule is involved 
by an idiopathic lnflammatoiy piocess 

8 Mazza, S , Basso, G , and Basso, R Investi- 
gaciones sobre enfermedad de Chagas Comprobacion 
en adulto, de citoesteatonecrosis subcutanea chagasica 
por siembra hematogena (Chagomas hematogenos) de 
S cruzi, Publication 48, Umversidad de Buenos Aires, 
Mision de estudios de patologia legional argentina, 
1940 

9 Rothmann, M Virchows Arch f path Anat 
136 159, 1894 Llambias, J Rev Soc argent de 
biol 6 723, 1925 Abrikossoff, A Centralbl f allg 
Path u path Anat 38 542, 1926 Morone, G Clin 
chir 32 25, 1929 Carol, W L L , Prahken, J R , and 
van Zwijndregt, H A Arch f Dermat u Syph 
182 329, 1941 



TWO CASES OF CONGENITAL WEB OF A BRONCHUS 


James E Wallace, 

The discovery of 2 cases in which emphysema 
m one lung and collapse in the other were asso- 
ciated with a small congenital web occluding the 
mam bronchus on the collapsed side led to 
interest m the condition, foi it appeared that 
if it could be diagnosed during life, the occlud- 
ing membrane might be punctured and the con- 
dition completely cured 

Search of the literature failed to reveal any 
adequate reviews of the anomaly, m fact, I was 
able to find little on the subject 

REPORT or CASES 

Case 1 — A 3 month old white girl was admitted to the 
Allegheny General Hospital from the Pittsburgh Home 
for Babies Feb 18, 1944, with a chief complaint of 
peculiar respirations 

It had been noticed that she had peculiar respirations 
since she nas admitted to the Pittsburgh Home for 
Babies She cried considerably before feeding and had 
difficulty with the mechanics of feeding She was 
lethargic immediately after feeding Roentgen exami- 
nation Jan 28, 1944, at the Allegheny General Hos- 
pital showed complete atelectasis of the right lung 
The left lung protruded into the right hemithorax, and 
the heart was on the right side of the chest There 
were small congenital anomalies of the dorsal and cer- 
vical vertebrae 

There had been no nursing difficulties other than 
mechanical, and the child had been developing normally 

The examination showed a peculiar wheezing type 
of respiration, but there was no dyspnea Breath sounds 
were reduced or absent on the right side and normal 
on the left The cardiac point of maximum impulse 
was in the midhne There were no observable mur- 
murs The patient had a weak, high pitched cry There 
was bilateral edema as well as bilateral cyanosis of 
the hands, the face and the lips , otherwise the child 
was essentially normal 

Bronchoscopy was done February 23 without the aid 
of anesthesia A bronchoscope designed for use in 
newborn infants was introduced through a laryngoscope, 
similarly designed, into the trachea A large amount 
of thick mucoid secretion was aspirated This con- 
tinued to be present in such amounts that definite 
landmarks could not be ascertained After continuous 
aspiration of the discharge, the bronchoscope was le- 
mo\ed without anything being observed that would 
suggest a diagnosis The patient left the operating 
room in good condition but died February 25 

The autopsy revealed congenital atelectasis of the 
right lung , a congenital web of the right main bronchus 
between the superior and medial branch bronchi , hyper- 
trophy of the left lung, compensatory empyema, patchy 
atelectasis and hypostatic congestion of the left lung, 
mucopurulent bronchitis, dextroposition of the heart, 
a patent foramen ovale, a cystic right ovary 

The th> mus measured 5 b\ 4 b\ 1 5 cm It covered the 
entire right lung The left lung was emphysematous 
and edematous The heart was in the position nor- 
mallj occupied bi the right lung, and the apex was 

From the William H Singer Memorial Research 
Laboratory of the Allegheny General Hospital 


M D , Pittsburgh 

pointed dextrally The heart, both arches of the aorta, 
the trachea, the bronchi and the lungs were removed 
en masse The left lung measured 11 by 18 by 4 cm 
There was a small area of atelectasis in the apex 
Most of the lung was crepitant, but the base showed 
a marked amount of edema The right lung measured 
5 by 3 by 2 cm It appeared to be solid except for 
a small air-contaming bleb m the apex The vocal 
cords were injected and slightly edematous There 
was a mucous plug measuring 2 cm in length in the 
trachea 

The bronchus of the upper lobe of the right lung 
was visible and patent throughout Immediately below 
the opening of this bronchus the mam bronchus was 
completely occluded by a thin congenital web On per- 
foration of the web the bronchi to the middle and 
lower lobes couold be seen They were patent through- 
out The bronchi to the left lung were injected and 
contained some mucopurulent material but were other- 
wise essentially normal 

The right ovary measured 2 by 2 by 1 cm and was 
made up of multiple small cysts Otherwise the autopsy 
yielded essentially normal observations 

Case 2 — A Negro girl was born m Allegheny General 
Hospital by cesarean section The routine respiratory 
stimulation was given, but the baby did not respord 
well Her breathing was shallow and the cry weak 
and feeble There was bilateral edema as well' as 
cyanosis of the hands, the face and the lips Plasma 
was given subcutaneously without the expected results 
The baby was lethargic, continued to go downhill and 
died the following day 

The autopsy revealed congenital atelectasis of the 
left lung and congenital web of the left main bronchus , 
ecchymotic hemorrhages in the submucosa of the gas- 
trointestinal tract, small multiple hepatic hemorrhages, 
ecchymotic hemorrhages in the submucosa of the 
bladder 

The left lung was considerably smaller than normal 
The heart, the aorta, the trachea, both bronchi and 
both lungs were removed en masse The heart and the 
aorta were dissected away and were found to be essen- 
tially normal The trachea was apparently normal 
On section the left mam bronchus was closed by a 
thick fibrous congenital web about one-half way be- 
tween the bifurcation of the trachea and the lnlus of 
the left lung The web was dense and hard After 
the web was perforated, the remainder of the bronchial 
tree seemed to be normal The left lung weighed 
44 Gm and measured 5 5 by 5 by 2 cm It was solid 
and sank immediately in water The right lung weighed 
43 Gm and measured 7 by 5 by 2 cm It floated high 
in u’ater and was crepitant throughout The right 
lung v'as essentially normal 

The liver weighed 150 Gm and measured 12 by 8 5 
by 3 cm On section it v'as soft and showed many 
small hemorrhagic areas 

The gastrointestinal tract was normal except for 
punctate hemorrhages in the submucosa throughout its 
length There v r ere hemorrhages of a similar type in 
the mucosa of the urinary bladder 

S}inptoms common to both cases ivere the 
weak cry, the constant cn mg before feeding, 
the lethargy after feeding the wheezing respi- 
rations, the absence of breath sounds on the 
47 
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affected side, the cardiac point of maximum 
impulse with deflection towaid the affected side, 
the bilateral edema and cyanosis of the hands 
and feet, the edema and cyanosis of the lips and 
the difficulty with the mechanics of feeding 

COMMENT 

A congenital v\eb may produce complete 01 
almost complete occlusion and may occui either 
in the laiynx 01 in one of the mam bionchi 
In either instance complete occlusion occui s 
when the membiane is imperfoiate, and the 
condition is then called total atresia A con- 
genital web is usually a thm membiane-hke 
diaphragm, which is easily broken The cause 
is unknown but is pi obably atavistic 

The laiyngeal web is usually located at 01 
near the glottic lei el, almost always at the an- 
tenoi portions, uniting the two cords to a gieatei 
or a lessei extent Postei 101 ly there is a some- 
what crescentic margin of the airway Infec- 
tion of the pulmonaiy tiact soon develops as 
a result of impaued action of the glottis in the 
bechic cycle 

The symptoms depend on the location of the 
web and the amount of occlusion When the 
web is laryngeal and small in size, the only 
symptom may be a wheeze, so slight as to be 
overlooked until swelling of the glottic margins 
in mtercurient laiyngitis inci eases the obstiuc- 
tion and causes dyspnea The lessei webs may 
produce little interference with the laryngeal 
functions Largei webs, on the conti aiy, may 
mterfeie with respiration, phonation, defense 
and bechic expulsion, bringing about dyspnea, 
stndor, hoarseness and severe pulmonary symp- 
toms Therefore the symptoms of partially 
occluding laryngeal webs may vary from a slight 
wheeze, apparent only on exertion, to those of 
obstructive laryngeal dyspnea leading to indraw- 
ing of the suprasternal notch and the epigas- 
trium 

The infant with a completely occluding laiyn- 
geal w r eb dies of asphyxia as a “blue baby” , 
such patients aie raiely seen except by the 
obstetrician 

Webs of the bionclu may be symptomless if 
confined to one side, but usually a wdieeze is 
audible if the examiner’s ear is placed close to 
the open mouth 

There is only one w r ay of making the diag- 
nosis during life and that is by looking at the 
interior of the larynx or of the bronchus 
Am attempt at diagnosing a web b) inference 


may jeopaidize the life of the patient When 
inferential methods are relied on the disease is 
often mistaken for asthma, congenital laryngeal 
stndor, diphtheria, posticus paialysis 01 laryn- 
gismus stridulus If the patient is undei 5 01 
6 years of age, the only w r ay a laiyngeal exami- 
nation can be made is by duect laiyngoscopy, 
which will at once reveal a w^eb if one is piesent 
With oldei children and adults the mnror has 
been used, but these are the patients with 
smallei webs Moieovei, it is not always easy 
to diffeientiate between an anomaly and changes 
due to diphthena, syphilis, tubeiculosis, a foreign 
body oi othei postnatal cause 

Complications may occui as the result of any 
acute oi chronic mflammatoiy disease, by in- 
crease of the stenosis itself oi by failure to cleai 
the tracheobronchial tiee of secretions This 
failuie is due not only to the diminution of the 
lumen but to failure of glottic cooperation m 
the bechic cycle 

The congenital bronchial v r eb is usually accom- 
panied by a wdieeze heard at the open mouth 
if the bronchial obstiuction is partial, and by 
physical and roentgenographic signs if it is com- 
plete The bronchoscope afiords the only certain 
means of diagnosis 

A thm well of the larynx may be luptured by 
passing the triangular dilatoi through the open- 
ing Sometimes the simple passage of the bron- 
choscope may be sufficient Pei f oration and 
bronchoscopic dilation will cure congenital bion- 
chial web in most cases if done m infancy oi eai ly 
childhood 

SUMMARY 

In the 2 cases of congenital web of the bion- 
chus herein repoited the diagnosis w 7 as made 
at autopsy The malfoimation may not be as 
rare as the meager literature would indicate 
Careful clinicians obseivmg the signs and symp- 
toms may be instrumental m maintaining the life 
and instiling bettei health of the patient by use 
of the bronchoscope 

The piosector who discoteis inequality in the 
size of the lungs, particulaily if this is accom- 
panied by cyanosis and edema of the lips, the 
hands and the feet, should examine the laiynx 
and the mam bionchi foi possible congenital 
webs The pioceduie if earned out routinely 
might serve to explain othei obscure deaths m 
infants 

Bibliographic references will be found in author’s 
reprints 
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A NEW HEMOGLOBIN STAIN FOR HISTOLOGIC USE 
A Slightly Modified Van Gieson Stain 

R C Dunn, M D 

Surgeon, United States Public Health Service 

AND 

E C T iiompsox, M T 

Semoi Medical Technician, National Institute of Health 
BETHESDA, MD 


For some time theie has been a gieat need 
toi a good, reliable, nonfading routine tissue 
stain demonstrating hemoglobin Ralph 1 de- 
scubed a stain making use of the benzidme- 
hemoglobm reaction which has been useful but 
which foi seveial leasons did not fulfil oui 
purpose The biown coloi of the hemoglobin in 
Ralph’s stain mterfeied with the visualization of 
the products of hemoglobin degeneration 2 so 
that a separate section had to be cut and stained 
for this pui pose alone Foi these reasons it 
seemed that a stain based on a slight modification 
of a routine method which gave to hemoglobin a 
bright distinctive coloi would be most desirable 
and practical 

In the course of experiments on the staining 
of hemoglobin casts m the kidneys of mice 
dying two to twenty -four hours after acute mas- 
sive hemoglobinuria, just such a stain w'as de- 
veloped by one of us (E C T ) It w^as also 
found, by considerable trial and eiroi, that after 
a short preliminary piocedure lequiring ten to 
twelve minutes the loutme Van Gieson stain 
could be done on the same paraffin section with- 
out any of the valuable chaiacteristics of either 
stam being lost Therefore, if the Van Gieson 
stain is done routinely, no extra section is 
needed No control slide is needed, as the 
erythrocytes m blood vessels also stam , they 
serve as a check on the stain and as a quick 
always available standard for coloi imeti ic com- 
parison 

STAINING PROCEDURE 

1 Bring sections to water Use a glass staining dish 

2 Stain in aqueous alum-hematoxj lin 3 (0 25 pei cent 
in 5 per cent alum) fifteen minutes 

3 Wash in tap water 

From the Pathology Laboratory (R C Dunn) and 
the Industrial Hygiene Research Laboratory (E C 
Thompson), National Institute of Health 

1 Ralph, P H Stain Technol 16 105, 1941 

2 Svirbely, J L , Dunn, R C , and Yon Oettingen, 
V' F J Indust Hvg & Toxicol 26 37, 1944 

3 Mallorv, F B Pathological Technique Phila- 
delphia, W B Saunders Company, 193S See aqueous 
alum hematoxylin, p 70 


4 Transfer to a 4 per cent aqueous solution of ferric 
ammonium sulfate (iron alum, violet crystals, reagent 
quality) foi one minute 

5 Wash lightly in tap water 

6 Stain in aqueous alum-hematoxylin (0 25 per cent 
in 5 pei cent alum) ten minutes 

7 Rinse quickly in tap water 

8 Stain in Van Gieson’s solution 4 (13 cc 1 per cent 
acid fuchsm, 87 cc saturated aqueous picric acid [tri- 
mtrophenol] fifteen minutes) 

9 Transfer directly to 95 per cent ethyl alcohol for 
three minutes Agitate slides 

10 Transfer to absolute ethyl alcohol for three 
minutes 

11 Clear in xylene and mount in clarite 

Fixation — For routine use, neutral buffered formalde- 
hyde solution is best, but in bone marrow and spleen the 
cell detail is better with Zenker’s solution or Helly’s 
fluid 4a Tissues must be fresh and well fixed As with 
myelin, hematoxylin staining of hemoglobin appears to 
be impaired bv prolonged standing in formaldehyde 
solutions See later comment on Carnoy’s fluid under 
staining of muscle 

Intel pi ctation of Staining — Hemoglobin in red blood 
cells, hemoglobin casts in the kidney, fine and coarse 
globules of hemoglobin in reticuloendothelial cells of 
the spleen, the liver, the bone marrow and the epithelial 
cells of the convoluted tubules of the kidney all stain 
a green color that varies from a light olive green to 
deep pea green or blackish gieen, depending on the 
hemoglobin content This color is fairly stable In 
slides kept six months in the dark there was little 
fading 

Collagen stains red, as in the routine Van Gieson 
stain 

OBSERVATIONS AND COMMENT 

During the examination of the oigans of 
animals used in this study, other obseivations 
were made which may be of value to one using 
this stam 

With reteience to casts m the lenal tubules 
following massive hemoglobimu la, a few of the 

4 Mallory," p 92 See Van Gieson’s picro-acid 
fuchsm solution 

4a Helh’s fluid is a modification of Zenker’s solu- 
tion in which, instead of 5 cc of glacial acetic acid, 
solution of formaldehyde U S P is added in the con- 
centration of 5 per cent 
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eosinophilic casts occasionally do not stain screen 
but brown to biownish red These casts will 
also not reveal hemoglobin after Ralph’s benzi- 
dine stain In this case we are convinced that no 
hemoglobin is piesent However, in loutme 
studies to determine toxicity m animals without 
hemoglobinuria, we have often found that ordi- 
nary eosinophilic hyaline casts aie paitially or 
completely green, indicating that some hemo- 
globin is present “Old” hemoglobin casts, such 
as those observed m animals one to several weeks 
after poisoning, are often weakly eosinophilic 
and granular or globular These are apparently 
degenerating and do not stain green like “fiesh” 
hemoglobin, but light brownish yellow 

In the convoluted tubules of guinea pig kid- 
neys we have repeatedly demonstiated species- 
specific tnangular oxyhemoglobin crystals sinn- 
lai to those pictured as oxyhemoglobin crystals 
fiom guinea pig blood by Reichert and Brown 5 6 
This constitutes sufficient proof that the cast ma- 
tenal m the same tubule is hemoglobin 

In the livers of animals with acute toxic hemo- 
globinuria a few to moderate numbers of hyper- 
oxyphilic (eosin-methylene blue) hepatic cells 
will often stain deep green Less often, eosino- 
philic hyaline globules in the cytoplasm of liver 
cells have been found to be green tinged, and 
epinucleai green staining of smooth muscle fibers 
m the portal arteries has also been noted 

Single and grouped fibers m the hearts of 
these animals often stam green They occasion- 
ally resemble m appearance and location the 
Purkinje fibers described and pictuied by Todd G 

5 Reichert, E T , and Brown, A The Crystal- 
ography of Hemoglobins, Publication 16, Carnegie 
Institute of Washington, 1909 

6 Todd, T W , m Cowdry, E V Special Cytology, 
New York, Paul B Hoeber, Inc, 1932, vol 2, pp 1175- 
1210 


Other gi een-stamed cells, single or grouped, oc- 
casionally interconnected, aie often seen in the 
ventncular myocaidium A few to many of 
these cells were seen in routine sections fiom 
all but a few animals with acute hemoglobinuria 
That Puikmje cells should stam is not surpris- 
ing, since Todd lecommended the iron hema- 
toxylin piocedure, which is the essential basis 
for the hemoglobin stam If the green staining 
of these fibers is due to hemoglobin taken up 
from the blood, how does the cell take up this 
pigment ? Of course, the cell wall may be in- 
jured, but according to Todd, “It would seem 
that the Purkinje element is endowed with 
phagocytic properties ” for dismtegiatmg 

leukocytes have been obseived in Puikmje cells 
Anothei question that most certainly will occur 
to many is wliethei oi not gieen staining indi- 
cates damage to the cell 

Todd inferred that the study of Purkinje cells 
in normal human hearts is difficult, while m some 
hearts fiom persons with pathologic states 
(pneumonia, syphilis) they aie studied and 
stained with comparative ease In tact, he says 
it is necessary to study the abnoimal heait to 
undei stand the normal Puikmje system Since 
we have never yet seen green-stamed fibers in 
the heart of a normal animal, theie is a strong 
possibility that green staining is indicative of 
damage 

As yet w ? e have studied skeletal muscle in 
only a small series of animals How-evei , while 
we have never obseived gi een-stamed fibers in 
noimal muscle fixed m solution of formaldehyde, 
we have observed them in muscle showing evi- 
dence of damage following fixation in Carnoy’s 
fluid The possible relationship between gieen 
staining and the status of myoglobin m the cell 
has not been detei mined 
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INTRAVASCULAR HYDROSTATIC PRESSURE A DECREASED 


The second main group of arteriosclerotogemc 
agents which elicit changes in the blood pres- 
sure comprises those which exert their hypo- 
tensive or hypertensive action through causing 
variations in the degree of filling of the vascular 
lumens with blood and thus influence the intra- 
vascular hydrostatic pressure Mention of the 
action of this arteriosclerotogemc mechanism as 
a complicating factor was made in the preceding 
discussions of the vascular lesions observed in 
connection with several hypertonic types of 
artenoscleiosis (thromboangiitis obliterans, Ray- 
naud’s disease, and renal and essential hyper- 
tension) 

Hydrostatic and hydrodynamic factors which 
reduce the intravascular pressure by decreasing 
the amount of blood delivered into a particular 
part of the vascular system produce a local or a 
general hypotensive state in small or in large 
portions of the vascular bed Hence the vascular 
bed becomes relatively too large for the amount 
of blood available in spite of maximum contrac- 
tion of the muscular media There ensues a re- 
duction in blood supply and m pulse pressure 
which in turn results m ischemic anoxemia of 
the vascular walls Under such conditions the 
main functional stiain rests on the muscular ele- 
ments, while the elastic components of the wall 
are relaxed and suffer rather from disuse if the 
causal conditions are of long duration 

Decreased intravascular hydrostatic piessure 
is the result of physiologic and pathologic fac- 
tors The physiologic mechanism of disuse of 
certain parts of the vascular system becomes 
operative when the circulation changes after birth 
fiom the fetal, umbilical type to the postnatal, 
pulmonary type, and it is active in the uterus 
and the ovaries in connection with the physiologic 
involutionary changes of the female gonads after 
mensti uation, pregnancy and especially the meno- 
pause Pathologic factors of this type affect the 

From the Warner Institute of Therapeutic Research 


distal portions of ligated or thrombosed vessels, 
those parts of the arterial bed distal from arterio- 
venous aneurysms or from intra-arterial obstruc- 
tions or stenoses, and arteries located m scar 
tissue 

Endogenous Mechanisms — Postnatal In- 
volutional y Scleiosis of the Aitenes of the Um- 
bilical Cn dilation — When, with the beginning of 
the respiratory movements after birth, the pul- 
monaiy circulation is opened, the pulmonary ar- 
tery no longei sends its blood through the ductus 
arteriosus Botalh into the aorta but delivers it 
into the pulmonary vessels As a result of this 
change m the circulatory conditions, the ductus 
arteriosus collapses, and the pressure in the 
aorta, which after this event receives blood only 
from the left ventricle, becomes insufficient to 
press blood into the umbilical arteries (Thoma, 
Ranke) The ductus arteriosus and the umbilical 
arteries therefore contract, undergo atrophic 
changes on the basis of disuse and usually ob- 
literate within the course of the first few months 
of life 

With the complete or almost complete disap- 
pearance of the intravascular hydrostatic pres- 
sure there ensues m the ductus arteriosus a 
fibrous proliferation of the mtima and the media 
associated with a simultaneous atrophic degen- 
eration of the muscle cells (Bell, Benda, Kauf- 
mann , MacCallum) Pfeifer reported an increase 
in the medial elastic tissue accompanying these 
changes The lumen of the collapsed vessel fi- 
nally becomes occluded by fibrous tissue The 
elastic elements in the media disintegrate gradu- 
ally, and fibrohyahne scar tissue takes the place 
of the original vessel 

Similar changes occur m the umbilical arteries, 
whose structure resembles that of the uterine 
arteries The umbilical arteries contract after 
the ligation of the umbilical cord On the second 
day thereafter a focal sw elhng of the endothelial 
cells develops, followed by the appearance of 
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fibrinoid deposits A few days later fatty dust 
appears in the subendothehal layer and in the 
swollen muscular media With the subsequent 
necrosis of the media, the vascular lumen becomes 
dilated The internal elastic membrane also un- 
dergoes swelling and homogenization From the 
third week on fibroblasts appear, which piolifer- 
ate into the plasmatic matter filling the lumen 
This filling tissue becomes vascularized by for- 
mation of capillaries Following giadual disap- 
pearance of the latter a fibrohyahne tissue is left, 
which also takes the place of the degenei ated and 
sometimes calcified media 

In cases in which the umbilical arteries do not 
become obliterated, a loose fibroblastic tissue is 
formed betw een the endothelium and the internal 
elastic membrane Maiked elastosis, which is 
similar to the lamellated elastosis seen in lenal 
vessels of nephioscleiotic kidneys, then appeals 
between the longitudinal muscle bundles, winch 
undergo gradual degeneration and leplacement 
by fibrous tissue (Schallock , Kaufmann , Pfeifer , 
Tlioma) Finally a new internal elastic mem- 
brane may develop beneath the endothelium 
These changes lesemble those seen in the uterine 
arteries during senile involution, in aiteries in 
the environment of chronic gastnc ulcers and 
in endarteritis obliterans 

Occasionally the obliterating type of involution 
of the umbilical arteries is complicated by the 
appearance of a diffuse serous imbibition of the 
entire wall, sometimes associated with piecipita- 
tion of fibrinoid material and infiltration of leuko- 
cytes These changes have a definite similarity to 
the artei lonecrotic and necrotizing aiteriohtic 
lesions observed in periarteritis nodosa, rheu- 
matic aiteritis, malignant nephrosclerosis and 
accelerated glomerulonephntis (Schallock) 

The different types of reactions described le- 
flect to a certain degree the various arterio- 
sclerotogemc mechanisms active in their produc- 
tion The obliterative endarteritic changes with 
atiophy and fibrosis of the media represent the 
vascular reaction to decreased mtravasculai 
hydrostatic pressure, as pointed out many years 
ago by Thoma, who stated that only the blood 
flow protects the arteries from obliteration In 
the nonobliterating elastotic type of reaction the 
pnmar) hjpotensive mechanism is complicated 
b) a secondary compensatory elastotic reaction 
de\ eloping in response to the atrophy of the 
muscular elements The elasticity and the dis- 
tensibihtv of the wall of the patent umbilical 
arteries then depend entirely on the proliferated 
elastic elements 

In the third t)pe of reaction reported, sec- 
ondary r asotoxic and probabl) allergic influ- 


ences are active and superimposed on the endar- 
tentic changes 

Involutional y Scleiosts of the Utenne and 
Ovai tan Ai tei tes — Anothei and outstanding ex- 
ample of the artenosclerotogenic effect of local 
hydrostatic hypotension is offered by the vascu- 
lar scleiosis obseived m the uterine and ovanan 
arteries as the result of mild to severe fluctua- 
tions m the circulatory and hemodynamic condi- 
tions occurring in these organs m connection 
with menstrual peiiods, pregnancies and the 
menopause (Ranke, Hueck, Jacob, Westphalen, 
Bennecke) It is for this leason that the utenne 
aiteries show early and fiequent sclerotic mtimal 
changes (Kon and Karaki , Dittrich) 

The ultima of the utei me arteries, which is thin 
during the first decade of life, increases m thick- 
ness by fibroblastic pioliferation dunng the latter 
half of the second decade, 1 e , after the onset of 
puberty and of lhythmic menstrual fluctuations of 
increasing and decreasing blood supply of the 
uteius These changes affect mainly the large 
arteries in the outer and the middle portion of 
this organ and produce an eccentric shift of the 
lumens During the third decade small hyaline 
foci ai e occasionally seen m the thickened intiina 
These proliferative and degenerative reactions 
become much more pionounced m incidence and 
degree during the fourth decade and involve also 
the medium-sized artei les The mtimal changes 
aie still predominantly fibrous at this time and 
only occasionally hyaline There also occui 
during this period hyaline degenerations m the 
media, particularly m that of the medium-sized 
arteries In the subsequent decades the arterial 
lesions show a progressive character Calcifica- 
tions in the mtima and the media aie seen to- 
gether with extensive mtimal and medial hyalmi- 
zation The arteriolar w r alls become markedly 
swollen and hyaline Kon and Karaki did not 
find any consistent relations between the severity 
of these lesions and the occurrence and the num- 
ber of pregnancies, as the same type and degree of 
lesions w r ere sometimes observed in women who 
had not been pregnant 

After the onset of the menopause, wdien the 
rhythmic fluctuations of the filling of the uterine 
vessels synchronous with the menstrual periods 
cease, the changes of senile involution are super- 
imposed on the preceding effects of menstiuation 
and pregnancy The mtima then shows fibro- 
elastic thickening accompanied by a considerable 
mciease of the mucoid ground substance with 
hyalmosis and calcinosis, both of wdnch extend 
into the atrophic, fibrous and hyaline media 
(Fraenkel, Meyer, Pankow) The demarcation 
between the ultima and the media gradually dis- 
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appears and the lumen becomes increasingly 
narrowed The process was designated by some 
investigators as endarteritis obliterans (Rem- 
ecke, vonKahlden, Balm, Dittrich, Meyer, 
Wiegand, Palmer) In histochemical studies 
Zmkant, who used ashed sections of the uteri of 
various age groups, showed that the deposition 
of calcium starts with the second decade and is 
regular from the third decade, involving at this 
time only the mtima From the fifth decade on, 
calcifications appeal also m the media and are 
then observed also m the smallest arteries, par- 
ticularly in the elastic layeis 

The puerperal changes differ from the pre- 
senile and the senile ones, since they develop rela- 
tively rapidly as acute involutionary reactions of 
the hyperplastic and dilated uterine vessels of 
pregnancy Dui mg pregnancy there appear in 
the mtima cushion-like connective tissue thicken- 
ings, with deposition of a metachromatic mucoid 
substance, and a pi ohferation of elastic fibrils 
sometimes forming several lamellas ( Wermbter , 
Pick, Woltke) With succeeding pregnancies, 
these changes become more pronounced, and the 
metachromatic material and the elastic lamellas 
appear also m the perivascular tissue After de- 
livery regressive changes set in in the contracted 
uterine vessels, which, moreovei, are compressed 
from the outside by the firmly contracted uterus 
(LaTorre) The lumens of the uterine arteries 
become narrowed by a considerable fibrous pio- 
hferation of the mtima, which extends also into 
the media and which may lead to complete oblit- 
eration of the vessel The muscular elements of 
the media undergo simultaneously fatty degenera- 
tion and finally complete dissolution affecting 
either the entne media or only part of it while 
another part is replaced by fibrous tissue (Balm , 
Broers , Woltke , Mayor , Kon and Karaki , 
Frankl and Stolpei , Buttner, Pankow, Wermb- 
ter, Goodall) 

The ovarian arteries pass through similar 
endarteritic changes, which start relatively early 
in life, especially in the neighborhood of corpora 
fibrosa The proliferation of elastic lamellas m 
the mtima of the ovarian arteries is associated 
w ith fibrous atrophy of the muscularis Calcifica- 
tions appear m the border zone between the 
mtima and the media (Woltke , Borchardt , West- 
phalen) 

The sclerotic lesions of the uterine and ovarian 
arteries occur independently of those developing 
in the arteries of the rest of the body and illus- 
trate, therefore, the importance of local functional 
factors in the production of such changes It is 
obvious that during the time of active sexual 
function the vessels of the uterus and the ovaries 


pass through periods of increased intravascular 
hydrostatic pressure, accounting for the presence 
of elastic proliferation and mucohyahne material 
in the mtima, followed by periods of decreased 
intravascular hydiostatic pressure, which elicit 
the endarteritic and medial fibrosing reactions 
These hydrodynamic conditions become per- 
sistent after the menopause, leading to an accen- 
tuation of the endarteritic responses 

Exogenous Mechanisms — Ai tei ml Occlu- 
sion, Stenosis and Compression — A reduction m 
intravascular hydrostatic pressure follows partial 
or complete occlusion of an arterial lumen by 
thrombi or atheromas, pressure from the outside 
of scar tissue, tumors or other structures, kinking 
or torsion of the vessel and ligation Mention was 
made, in connection with the discussion of the 
various vascular changes associated with throm- 
boangiitis obliterans, of the occurrence of endar- 
teiitic lesions m the small arteries of the extrem- 
ities distal to the narrowing of the vascular 
lumens of large arteries by mural thrombi and 
marked mtimal fibrous thickenings Marked and 
finally obliterating fibroblastic mtimal prolifera- 
tions accompanied by atrophy and fibrosis of the 
muscular media are found m parts of aitenes 
located distal from ligations and not supplied by 
blood from anastomosing vessels Malyschew, 
Apollomo and Peckelharmg studied these changes 
in dogs and rabbits m which the carotid or crural 
arteries were ligated If the blood was expressed 
from the vascular lumen befoie a double ligation 
was made, the endothelial cells proliferated into 
the collapsed lumen within seven to ten days, with 
numerous mitoses present m these cells If blood 
was left in the ligated vessel, endothelial cells 
emigrated into the blood clot m a fashion similai 
to that of fibroblasts m tissue cultures Myelo- 
poietic foci were then formed m the organizing 
blood clot, which was finally converted under for- 
mation of vascular lumens into an angiomatous 
structure (Malyschew) Peckelharmg concluded 
from these observations that it is the removal of 
intravascular pressure which elicits in collapsed 
ligated vessels the endarteritic reaction 

The same hydrostatic mechanism is active in 
the production of the fibrous mtimal thickenings 
and the narrowing of the arterial lumens in the 
stumps of amputated extremities, as the caliber 
of such arteries has become too large for the 
amount of blood needed by the reduced areas of 
tissue (Ranke, Muller) Similar ischemic fibros- 
ing mtimal changes are seen m the arteries distal 
from arteriovenous fistulas (Mahrburg), where 
the intravascular hydrostatic pressure drops 
sharply 
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Vasospasm and mechanical compiession 01 
partial occlusion of the lumens of proximal 
arteries resulting m a decrease of the intra- 
vascular hydrostatic piessure and of the pulse 
pressure are responsible for the arteriolar endar- 
teritis recorded present m kidneys with clnonic 
glomerulonephritis and essential nephrosclerosis 
Cicatricial changes in the perivascular connective 
tissue likewise cause sclerosing lesions m the 
small arteries of the skill and other organs in 
scleroderma (Heme, Murphy, Krainm and Gei- 
son, Goldman, and others), m chronic ladio- 
dermatitis and m the floor of roentgen ulcers 
(Wanen, Huepei , Hueper, Fisher, de Carvajal- 
Forero and Thompson, and others) and of 
chronic gastric ulcei (Torhorst, Hueper and 
Ichmowski , Meyer and Saphir , Fettei man , 
Buday, Lewin) 

INTRAVASCULAR HYDROSTATIC PRESSURE 
A DECEASED 
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INTRAVASCULAR HYDROSTATIC PRESSURE 
B INCREASED 

Increased intravascular hydrostatic pressuie 
causing hydrostatic hypei tension results fiom 
the presence of an excessive amount of blood m 
the entire circulatory system or in parts of it 
The vascular walls are theieby mechanically 
distended beyond the limits of their normal capac- 
ity, and both the musculai and the elastic ele- 
ments are stretched and placed in a state of 
accentuated functional activity Moreover, the 
contractile and elastic components are pressed 
against the unyielding adventitia, causing com- 
pression of the vasa vasorum, which, in addition, 
are elongated and thus paitially collapsed by 
being longitudinally stretched Ischemic anox- 
emia is thus produced in the vasculai walls by 
hydrostatic hypertension 
This condition when aflecting the entire cir- 
culatory system (plethora) is either of endog- 
enous origin (polyhemia or polycythemia) or of 
exogenous genesis (a habitual excessive intro- 
duction of watery liquids) Locally increased 
hydrostatic pressure lesults from abnoimalities 
in the heart or the vascular system, such as mal- 
foimations of the heart or of the large elastic 
arteries, from arteriovenous fistulas, from extra- 
ordinary local functional demands for blood or 
from highly accentuated forces of gravity causing 
delivery or shift of excessive amounts of blood 
to restricted areas of the arterial network 
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Endogenous Mechanisms — Genei al Hydi o- 
static Hypei tension 01 Plethoia — Mosclicowitz 
once advanced the axiom that without increased 
intravascular pressure there is no arteriosclerosis 
However, a general causative role of hydrostatic 
hypertension in the production of the generalized 
pi oliferative and degenerative vascular changes 
known as arteriosclerosis cannot be recognized, 
as there occur many cases of artei losclerosis 
without hypertension of any land at any time and 
even the presence of polyhenna, or plethoia, m 
many hypertensive conditions is controversial 
While some (Aschoff, Plesch) have favored 
such a relationship, others (Jaffe, Dietrich, 
Griesbach) have doubted the leliability of the 
evidence on which this conclusion is based Some 
(Buengeler, Kahler, Volhard, Baucke) have 
maintained that plethora exists in red, or benign, 
hypertension, but others (Muller, Ernst, Stagel- 
schnud, Schmid) have contradicted this state- 
ment The total blood volume, on the other hand, 
seems to be low m pale, or essential, and 
glomerulonephritic types of hypertension and in 
hypertension of the Goldblatt type (Buengeler, 
Griffith, Rutherford, Roberts and Lmdauer , 
Beckwith and Chanutin) The hypertension 
found with thyrotoxicosis has been attributed 
to plethora combined with increased minute vol- 
ume of the heart (Volhard) It was reported by 
Ruggiero that the plethora associated with poly- 
cythemia vera is accompanied by a relatively high 
incidence of degenerative vascular lesions Plesch 
claimed that status plethoricus leads lapidly to 
arteriosclerosis Plowever, the actual role and 
significance of these endogenous types of plethora 
in the production of ai teriosclerosis are not yet 
definitely established 

In addition to these often erythrocytenuc 
types of plethora there is an exogenous type elic- 
ited by habitual and rapid consumption of exces- 
sive amounts of liquids usually m the form of 
beei or wine (Rossle, Ernst, Flaig, Heubner, 
Genersich) The so-called hypertrophic “beer 
heart” is attributed to the hemodynamic condi- 
tions connected with this artificial exogenous 
plethora Israel found in the aorta and the large 
elastic arteries of drunkards a marked reduction 
of elasticity and the smallest degree of distensi- 
bihty of all arteries studied Causal relations of 
the high incidence of arteriosclerosis, arteriolo- 
sclerosis and endarteritis among drunkards to 
the overindulgence m beer and wane have been 
claimed by Koelsch, Heubner, Guttmann, Flaig 
and Genersich It may be added that in man 
and animals the introduction of excessive 
amounts of ivater for experimental purposes has 
resulted m a marked increase of the blood pres- 


sure (Miller and Williams, Rowntree, Gnffith, 
Griffith, Rutherford, Roberts and Lmdauer) 
Chronic experiments of this type for the determi- 
nation of any potential vascular effects have ap- 
pai ently not been made 

In this connection it may be mentioned briefly 
that any arteriosclerotogenic changes allegedly 
caused by excessive consumption of alcoholic 
beverages cannot be blamed on a direct effect of 
the alcohol on the vessels or on then tonus, as 
has been asserted (Hultgren) The studies of 
numerous investigators (Cabot, Leary, Mart- 
land, Fahr, Eberhard, Gorog) on peisons in- 
dulging mainly m the consumption of hard 
liquor showed that these exhibited a 1 datively 
low degree of arteriosclerosis Ruffer, on the 
other hand, stated that Mohammedans, who are 
exceptionally strict m their total abstinence from 
alcohol, have artenoscleiosis as often as 
Europeans The studies of a number of workei s 
cited by Schirokogoroff (Afanassieff and Krem- 
janski, Kulbm, Bondareff, Lebenson, Tepl- 
jaschin) on labbits, dogs, guinea pigs and 
lats receiving alcohol orally for up to nine months 
ivere inconclusive, only a few small atheiomatous 
thickenings near aortic valves were obseived m 
some of the dogs used by Afanassieff Negative 
i esults in animals after chronic feeding of alcohol 
w ere reported by Petrov and by Fain Saltykow 
injected alcohol intravenously into young rab- 
bits eight times during a period of two years and 
observed only m 1 seveie mtimal thickenings of 
the aoita, hepatic arteries and renal aitenes 
Local Hydi ostatic Hypei tension — (a) In Col- 
lateral Arteries after Ligation or Stenosis of a 
Mam Vessel When a main vessel is ligated or 
its lumen narrowed, the collateral vessels above 
this point are forced to take over the distribution 
of at least a part of the amount of blood originally 
passing through the occluded artery From this 
hemodynamic circumstance they are exposed to 
an elevation of their normal intravascular hydro- 
static pressure Nothnagel observed m man and 
Jores and Schilling in rabbits and a dog sub- 
jected to these conditions endothelial prolifera- 
tion and mtimal hyperplasia of the small collateral 
arteries of an endarteritic type 

( b ) In an Arteriovenous Fistula Similar 
hemodynamic conditions prevail m the venous 
part of an arteriovenous fistula, which when 
affecting larger \essels short-circuits the circu- 
lation and increases the return flow of blood to 
the heart, causing general hypertension through 
an increase of the minute volume of the heart 
The part of the vein proximal to the arterio- 
venous fistula undergoes structural artenahza- 
tion Associated w ith these hypertrophic changes 
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are calcification, thickening and fibrosis of the 
media and fibioelastic proliferation of the mtima 
opposite the fistulous opening (Reid, Holman, 
Mahrburg , Callandei , Dandy, Gamm, Weaver) 
in response to the marked local increase of 
intravascular hydrostatic pressure 

(c) At Bifui cations The presence of whnls 
at bifurcations and the directional influence 
exeited by the vascular spurs of bifurcations on 
the flow of the blood are responsible for the 
increased intravascular pressure on certain ad- 
jacent parts of the vascular walls Thus Chian 
reported the occurrence in juveniles of a stnpe- 
shaped fibrous endartentic lesion at the bifurca- 
tion of the common carotid artery, extending 
from this ressel into the internal carotid aitery 
Similar observations at this location were re- 
ported b\ Beneke Des Ligneus found ribbon- 
like white fibrous mtnnal thickenings on the 
posterior wall of the external iliac artery, ex- 
tending to the orifice of the femoral artery Such 
lesions were noted in 33 per cent of 100 consecu- 
tive autopsies They were attributed to the 
mechanical impact of the blood on the postenoi 
w r all of this vessel occuirmg when the legs are 
bent and the artery is stretched It is uncertain 
whether the mtimal fibrous and elastic thicken- 
ings observed at bifurcations of cerebral arteries 
are attributable to the same hydrostatic mechan- 
ism or represent in part compensatory hyper- 
plasia of the mtima on the basis of congenital 
local medial defects ( Voncken , Wallesch , 
Lowenhardt , Hey, vonHofman, Lebert, Tut- 
hill , Hackel , Beneke, and others) 

(d) With Coaictation of the Aorta Coarc- 
tation or stenosis of the aorta is associated with 
mechanically conditioned hydrostatic hyperten- 
sion m the circulatory system supplying the upper 
half of the body, particularly the upper extremi- 
ties, and with normal or reduced blood pressuie 
in the lower half of the body (Brotchner) The 
arteries of the upper half of the body, including 
the proximal portion of the aorta, are dilated be- 
cause of the back pressure exerted on the aortic 
blood flow by the narrowing m the aortic lumen 
(Kohn, Irvine, Baker and Shelden, Sella) In 
many of the cases reported there were marked 
mtimal thickenings and medial fibroses and cal- 
cifications m the aorta and the branches of the 
aorta above the stenosis (coronary arteries) as 
well as in the pulmonary arteries (Benkwitz and 
Hunter, Hickl, Gerhartz, Lemon, Read and 
Krumbhaar, Harrison, Evans, Legg) Cystic 
degeneration of the ascending aorta with spon- 
taneous rupture of the vessel in connection w ith 
aortic coarctation was reported by Harrison and 
In Sella, who collected 10 additional cases from 


the literature In some of the patients, many of 
whom were juveniles or young adults, there were 
also some sclerotic changes below the stenosis 
or even definite renal sclerotic lesions It is 
obvious that stenosis at the usual location in 
the upper part of the aorta impairs the blood sup- 
ply to the kidneys and may thus elicit renal 
ischemic hypertension m cases in which a critical 
anoxemic level in the renal blood is surpassed 
Experimental consti ictions of the aorta m ani- 
mals rendered similar results Harvey, who 
transitorily compressed the abdominal aorta of 
the rabbit below the renal arterial orifices, ob- 
tained temporary hypertension After repeated 
compressions he observed primary medial 
necroses, fibroses and calcifications in the ascend- 
ing and thoracic portions of the aorta Dill and 
Isenhour perfoimed similar experiments on rab- 
bits maintained on a cholesterol diet but con- 
stricted the abdominal portion of the aorta 
proximal or distal to the orifices of the renal 
arteries They observed mtimal thickenings of 
the ascending and thoracic portions of the aorta 
composed of histiocytic cells and amorphous ma- 
terial containing cholesterol clefts, and duplica- 
tion of the elastic membrane 

In this connection attention may finally be 
called to the comparatively high frequency of 
hypertension and of obliterating endarteritis m 
persons who have undergone leg amputations, as 
a hydrostatic factor possibly contributes to the 
development of these functional and anatomic 
abnormalities (Groedel) 

Exogenous Mechanisms — Local Hydi ostatic 
Hypei tension — (a) Physical Labor and Static 
and Gravitational Factors Heavy muscular labor 
causes dilatation of the arteries supplying the 
involved muscles with blood, as shown by 
Schretzenmayr by oncometric methods m con- 
nection with the femoral artery This reaction 
is attributable to the fact that the accentuated 
metabolism of working muscles (a three to eight 
fold increase of metabolic rate) increases the de- 
mand for blood (Ivy) During exercise there 
occurs, therefore, an increase m the total volume 
of the circulating blood as a result of the mobili- 
zation of blood from the depots (Simonson and 
Enzer) The margin of safety of cardiovascular 
function is reduced during work and may com- 
pletely disappear when labor is excessive and 
prolonged Under such circumstances metabolic 
exhaustion w'lth relative anoxemia may ensue 
causing myocardial necroses of the heart (Fro- 
boese, Buchner and von Lucadou) 

It is apparently from these causes (excessive 
vascular dilatation with increased hydrostatic 
intravascular pressure and metabolic msufifi- 
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ciency) that physically hard-working peisons 
allegedly show a precocious appearance and a 
more marked development of arteriosclerosis of 
the arteries of the extremities than men subjected 
to less physical labor Klotz stated that this type 
of work arteriosclerosis involves usually the right 
radial artery more seveiely than the left in right- 
handed persons, while these relations are reversed 
in left-handed persons Similai observations were 
reported by Boveri Kulbs commented on the 
high incidence of arteriosclerosis of the arteries 
of the arms in manual laborers, particulaily 
paviors Koelsch and Lederer made analogous 
observations m workeis of the plate glass indus- 
try and of tannenes, where they are subject 
to strenuous manual labor Hardened radial 
arteries were found among lather young persons 
of these occupations and aftei only ten yeais of 
work m such operations (Weissgerber) Britten 
and Thompson, studying 10,062 industrial work- 
ers, noted a prevalence of radial arterial thicken- 
ing among industrial workers 

Identical conditions apparently prevail in work- 
ers using mainly their legs and suffering there- 
fore from precocious artenosclerosis of the 
femoral arteries Kazda noted that the arteries 
of the leg which is exercised most (the work leg) 
show the most pronounced arteriosclerotic 
changes A similar observation was repoited by 
Heusner, who obseived that m persons having 
only one well functioning leg (eg, after infantile 
paralysis) the arteries of this leg exhibit sclerotic 
lesions earlier and more extensively than those 
of the leg with impaired function Professional 
bicyclists, who continuously use their legs to an 
excessive degiee, are said to suffei from early 
arteriosclerosis of the arteries of the legs as the 
lesult of increased regional intravascular hydro- 
static pressure, but Heusner expressed doubt that 
this contention is correct However, recent ob- 
servations of Lake, Piatt and Wright among 
employees of a large department store provide 
some support for such interrelations between 
strenuous occupational use of the legs and the 
development of precocious arteriosclerosis of the 
arteries of the legs These investigators noted 
that the incidence of arteriosclerotic medial cal- 
cifications in the legs as demonstrated by roent- 
genographic methods was approximately tw ice as 
high in stair climbers (54 per cent) as m those 
who did not climb stairs (27 per cent) m the 
age group 40 to 49 )ears Sternberg, according 
to Miller, found among members of occupations 
calling for an undue amount and degree of spe- 
cialized physical activity, as weavers, who use 
their lower limbs extensively, a preponderance 
of artenosclerosis of the vessels of these parts 


Miller cited Cordier as calling attention to arterial 
changes and hypertension in French soldieis 
undergoing much marching 

The increase m the intravascular hydrostatic 
pressure in the arteries of the lower extremities 
may result not only from excessive physical 
strain but from piolonged standing, as in this 
position the cardiovascular adaptation becomes 
defective and a circulatory deficiency results 
causing, under the influence of gravity, an ac- 
cumulation of the blood m the dependent parts 
Investigations made by Keys and Butt have 
shown that the vessels of the legs undergo 
changes m their permeability on quiet standing, 
as hemoconcentiation occurs by transudation of 
fluid to the tissue spaces of the extremities This 
piocess is accompanied by a marked increase m 
the colloid osmotic pressure of the serum (58 
per cent) and a rise m plasma piotems, choles- 
terol, fatty acids and lipoid phosphorus (from 
21 to 24 per cent) Aschoff proposed that the 
increase of hydrostatic pressure m the artenes 
of the legs with these static conditions may be 
related to the medial calcifications often found 
in these artenes, according to Monckeberg 

Klotz attempted to imitate this arterioscleroto- 
gemc effect of static factois by suspending rab- 
bits by the hindlegs for short periods daily 
While he observed m the ascending and the 
thoracic portions of the aorta and the subclavical, 
biachial and carotid arteries of these animals 
medial degenerations and calcifications and m- 
timal fibroelastic thickenings, subsequent inves- 
tigators (Fahr, Lubarsch, Saltykow, Stembiss) 
failed to confirm his observations 

Inasmuch as the aiteries of the extremities are 
of the muscular type, the mam functional and 
metabolic stress of withstanding prolonged ex- 
cessive intravascular pressure of orthostatic 
genesis rests with the contractile elements Mus- 
cle cells are not properly adapted for such a sus- 
tained strain, as this function belongs to the 
elastic elements It is therefore plausible that 
under such conditions the muscle cells should 
undergo degenerative changes ending m local or 
diffuse calcinosis The erect posture of man 
accounts for the fact that this orthostatic stress 
is in general more frequent and severe in the 
arteries of the legs than m those of the arms It 
is apparently mainly from this fact that medio- 
calcmosis occurs much more frequently and ex- 
tensively m the artenes of the low er than m those 
of the upper limbs (Cali) 

In this connection attention must be called to 
the marked fluctuations m intravascular hydro- 
static pressure occurring m airplane pilots during 
acrobatic flying, as a result of acceleration 
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(Adams) These accentuations of the forces of 
gravity may act centrifugally as well as centrip- 
etally and thus may cause local hydrostatic 
hypertension as well as local hydrostatic hypo- 
tension Dui mg powei dives and in narrow 
curves the hydrostatic pressure may become 
almost zeio m some paits and may reach in 
other parts, on the othei hand, unbelievably high 
figures (Ranke) Depending on the direction of 
the forces of acceleration, the tempoiary circula- 
tory collapse may be accompanied by a lack of 
blood m the cerebral vessels or by an ovei disten- 
tion of the cerebral vessels with blood 

Such gravitational stresses of a hydrostatic 
nature on the walls of the blood vessels of flyers 
become especially marked during abrupt changes 
in the direction of movement, as in reveising the 
direction after a power dive, when these forces 
may reach values of up to 7 8 to 10 5 g (giavity) 
They are exerted mainly on the smaller vessels 
during such sudden and massive shifts of large 
amounts of blood from the caudal to the cranial 
parts or vice versa Simultaneously there occurs 
severe interference with the return flow of blood 
to the heart and with the coronary circulation 
(Jongbloed and N oyons , Adams, Jokl, Poppen, 
Cross and Ball) Only suggestive information is 
as yet available as to the anatomic effects on the 
vascular system of often lepeated hydrostatic 
episodes of this type In a future evaluation of 
the evidence of cardiovascular pathologic changes 
in flying, however, attention must be paid to the 
fact that the hydrostatic aspect is probably often 
complicated by the effects of additional arterio- 
sclerotogemc factors likely to be active m flyers, 
such as atmospheric anoxemia, poisoning with 
carbon monoxide, oxygen and lead, and exposure 
to cold It is known from the sudden experi- 
mental increases of the hydrostatic intravascular 
pressure accomplished when large amounts of 
liquids have been injected undei pressure into 
the vascular system of animals that tears occur 
in the elastic fibrils, followed by degeneration 
and calcification of the media and fibrous thick- 
ening of the mtima (Malkoff , Ziegler, Ernst) 

(&) Compression of Splenic Arterioles Anom- 
alous Condition of Testiculai Arterioles The 
\essels of the spleen are subject to marked fluc- 
tuation in their blood content and thus in their 
mtravasculai hydrostatic pressure, depending on 
the state of contraction of the splenic pulp (West- 
phalen) The human spleen can retain about 
200 cc or one twentieth to one thirtieth of the 
total amount of blood while the canine spleen 
can retain up to one fifth and that of the cat up to 
one se\enth (Stemmann, Eppinger) It is 
characteristic of the small arteries of the spleen 


that theie begins rathei eaily in life and apait 
from any changes in other vessels a subendo- 
thelial deposition of a hyaline matter which 
causes thickening of the Avail and nail owing of 
the lumen (Herxheimei , Matsuno , Nakonet- 
schny, Staemmler, Jacob) The hyaline lesions 
thus produced are piogiessive with age and 
become complicated by regressive changes, such 
especially as deposition of fat m the hyaline 
mattei The elastic fibrils are usually not in- 
creased and aie sometimes reduced m number 
Hydrostatic hypertensive and hypotensive influ- 
ences are probably active in the causation of the 
splenic aiterial and arteriolar hyahnosis 

The arteiiolar hyahnosis found m cryptorclud 
testes is a second example of such localized hy- 
drostatic reactions (Stroebe, Staemmler) The 
lumens of the artenoles of rngumally and abdom- 
inally retained testes are markedly nariowed and 
eccentric and aie sui rounded by thickened hya- 
line mtima The musculai media underneath in 
some of these vessels is atrophic and without 
nuclei and is replaced by hyaline mattei Theie 
is usually little lipoid piesent The internal 
elastic membrane is split The youngest person 
in whom Staemmler obseived such changes ivas 
19 years old Similai arteriolar lesions Avere not 
found m testes atrophic from myxedema, alcohol- 
ism, multiple sclerosis and renal arteriosclerosis 
They are thus not the lesult of testiculai atiophy 
The large arteries of the testes are intact While 
Staemmlei suspected the action of a toxic factoi 
in the development of the lesions, it is more likely 
that they aie the lesult of a disproportion between 
the amount of blood supplied thiough the intact 
large testiculai vessels and the capillaiy capacity 
of the organ remaining in its infantile state but 
receiving an amount of blood adequate for an 
adult, fully developed testis 

(c) Sclerosis of the Pulmonaiy Aiteiy and 
Its Branches The pulmonaiy artery, the ana- 
tomic structuie of winch lesembles that of the 
aorta, differs fi om this vessel m its venous blood 
content and its low mtravasculai hydrostatic 
piessure, which is only about one third of that of 
the aorta (Hornowski) Meikel contended that 
this low pulmonary pressure is attributable to 
the extraordinary width of the lumens of the 
pulmonary arterioles, w-hich are said to be foui 
times as wide as those of the general cnculation 
and which therefoie offei a much lowei periph- 
eral lesistance m the lessei cnculation than is 
present in the systemic one The pulmonary ai- 
terial pressure is moreover to a great extent in- 
dependent of that in the general circulation and 
thus does not participate m most types of sys- 
temic hypei tension (McCann, Katz and Stem- 



HUEPER— ARTERIOSCLEROSIS 


59 


itz) Further, vasoactive drugs affecting the 
aoitic pressure usually leave the pulmonary 
piessure unchanged, while some drugs, such as 
beta-imidazolylethylamme, contract the pul- 
monary system but do not affect the vessels of 
the systemic circulation (Bredt) The blood 
piessure and content of the pulmonary vessels 
depend thus in general on the minute volume of 
the right ventricle, the resistance and capacity 
changes m the pulmonary vessels, and the “back- 
pressure resistance” developed m the left side of 
the heart by changes in the geneial circulation 
(Wiggers) 

Deviations from this normal pattern causing 
an increase in the pulmonary intravascular hydro- 
static pressuie lesult from the following sources 

1 Elevation of the “back-pressure resistance” in the 
left side of the heart through tailure of the general 
circulation, mitral stenosis or abnormal narrowness or 
other malformation of the pulmonary veins causing a 
reduction of the total cross surface of their orifices in 
the right auricle 

2 Delivery of increased amounts of blood into the 
pulmonary system because of shunting of arterial blood 
into the right chambers of the heart through a patent 
f oi amen ovale or through defects in the interauricular 
and interventricular septums, or into the pulmonary 
artery from the aorta tluough an open ductus arteriosus, 
or as a result of transposition of the large cardiac 
v essels 

3 Increase of the intrapulmonary circulatory re- 
sistance through reduction of the pulmonary artenal 
and capillary network, such as results from pneumono- 
comosis, chronic chemical pneumonia, chronic bronchitis 
and bronchiectasis, chronic fibrous pulmonar} tubercu- 
losis, pulmonary fibrosis associated with scleroderma, 
pulmonary schistosomiasis, emphysema, extensive pleural 
adhesions, pulmonary neoplasms, kyphoscoliosis or 
primary obliterating vascular disease of the lung repre- 
senting either a part of periarteritis nodosa or of 
thromboangiitis obliterans or appearing in response to 
the action of organ-specific vasospastic agents A 
similar hemodynamic effect may be elicited in those 
parts of the pulmonary vessels which are not blocked 
bv multiple emboli of the small pulmonary arteries and 
arterioles Such emboli on the other hand, produce 
reduced intravascular hydrostatic pressure in the af- 
fected vessels Stenosis of the stem of the pulmonary 
artery causes increased pressure only in the proximal 
part of this vessel and reduced pressure in the distal 
branches 

It is obvious fiom this analysis that athero- 
sclerotic intimal thickenings of the stem of the 
pulmonary aitery and its larger branches, which 
occur usually as a part of general atheiosclerosis 
in older people and which are not uncommon, 
according to the observations of Brenner, do not 
furnish the basis for an increase of mtravasculai 
hydrostatic pressuie in the pulmonary circulation 
but rather may cause a reduction, particularl) if 
the atherosclerosis is complicated by mural 
thrombosis It is also not likely that atherom- 
atous reactions m the pulmonar} aitery are the 


result of increased inti apulmonary pressure, as 
such vascular lesions, as will be shown later, are 
causally related to disturbances in the quantita- 
tive and qualitative physicochemical colloidal 
equilibrium of the lipoid metabolism of the 
plasma Such atheromatous lesions, however, 
may occur with and complicate the hydrostatic 
ones, especially m those cases in which artenal 
blood is shunted into the pulmonary artery 
(Hornowski, Brenner, Oguro) 

Unrelated to the hydrostatic hypertensive 
changes in the pulmonary vessels are also those 
seen after rheumatic infections (Pappenheimer , 
Kugel , Chian) as well as those described by 
Wolff, which affect the media and resemble the 
cystic degenerative lesions noted in the ascend- 
ing portion of the aoita by Erdheim, Gsell, 
Weise and many others They must be distin- 
guished, moreover, from the physiologic changes 
occurring m the pulmonary arteries with age 
(Brenner , Merkel) Inasmuch as the pulmonary 
vessels are highly distensible and thus can adapt 
themselves readily to considerable fluctuations m 
blood content (Parker), persistent and signifi- 
cant elevations of the intravascular hydrostatic 
piessure are not the result of minor interferences 
wuth, or increase of, the pulmonary flow of blood 

The figures for the incidence of pulmonary ai~ 
tenal sclerosis of all types vary greatly with 
different investigators, depending on the thoi- 
oughness of the postmortem examinations and 
on the use of gross oi microscopic evidence 
Whenever data based on macioscopic inspection 
are given, the values are distinctly lower than 
those based on microscopic studies, as these 
include also the changes in the small arteries and 
arterioles, which are of special importance in 
connection with the hydrostatic hypertensive 
type of pulmonary sclerosis Brunmg, who le- 
view'ed the early literature on this subject, stated 
that pulmonary angiosclerosis w r as considered 
rare during the last century by most workers 
( Otto , Andral , Albers , Dittrich , Bamberger , 
Cannstatt , Lobstein , Foerster, and many others) 
However, during this period there was no agree- 
ment , among the various investigators as to the 
tjpe of pulmonary sclerosis referred to, while 
some mentioned an endarteritic type of lesion, 
others noted atheromatous changes Oppolzer, 
w'ho first used the teim “atheromatosis of the 
pulmonary artery,” stated that this condition w r as 
relatively frequent 

This confusion extends even into more recent 
times MacCallum recoided only 1 case of pul- 
monary arteriosclerosis of the primary endai- 
teritic arteriolar type among 12,000 autopsies 
Seel} saw the condition once in 3,800 necropsies 
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but observed that atheromatosis of the pulmonaiy 
artery was fairly common m persons with 01 
without generalized athei osclei osis The latter 
observation was confiimed by Elders Millei 
stated that the late of incidence of pulmonary 
artenoscleiosis of all types was 7 4 pei cent, 
Moschcowitz, 6 5 pei cent , Costa, 8 per cent , 
Wartman, 6 4 to 8 6 per cent m all persons under 
30 years of age and 40 to 58 per cent in pei sons 
over 60 yeais old, Ljungdahl, 50 pei cent in 
pei sons ovei 50 , all these data are based on 
gioss examinations of the pulmonaiy artenes m 
routine autopsies Micioscopic studies of lungs 
and pulmonary aitenes, on the otliei hand, have 
yielded much highei figuies Thus Costa found 
sclerotic lesions of the pulmonary artery in 65 
per cent, while Bienner, who made a special 
study of this vascular disorder, was able to in- 
crease a macroscopic figure of 65 per cent to 97 
pei cent Huepei furnished the only rate of inci- 
dence of pulmonaiy ai teriosclerosis in animals 
available He obseived mtimal hyahnosis and 
calcinosis in the large and medium-sized blanches 
of the pulmonaiy artery m 15 per cent of white 
rats It is noteworthy, howevei, that he did not 
find such or sinnlai changes in routine histologic 
studies of the lungs of other experimental ani- 
mals, such as mice, guinea pigs, rabbits, cats 
and dogs While medial hypeiplasia of the pul- 
monary arteries was not infrequent in rats, it 
^as seen only occasionally m labbits, cats and 
dogs 

The different paits of the pulmonaiy aitenal 
tree participate m the sclerotic lesions, accoid- 
mg to Brenner, m the following order The stem 
is affected by patchy or diffuse, mainly fibrotic 
mtimal thickenings m 56 per cent of the cases , 
large elastic branches show a similar involve- 
ment in 7S pei cent of persons under 40 years 
and in 98 per cent of those over 40, small mus- 
cular arteries exhibit scleiosis in 90 per cent and 
arterioles m 94 per cent 

It is generally conceded that sclerosis of the 
pulmonary artery, especially that of hydiostatic 
genesis, occurs at an earlier age than that of the 
aorta The average age was 32 7 years (range 
16 to 49) m the series studied by Moschcowitz, 
28 6 years (range 9 to 49) in that of Ljungdahl 
and 31 9 years (range 13 to 58) in that of Mil- 
ler The youngest patient with pulmonaiy ar- 
teriosclerosis on recoul Mas a baby 6 months 
old, whose case Mas reported by Watjen The 
age distribution of the 20 cases of so-called 
primary pulmonar) arteriosclerosis m which a 
definite causal mechanism for the arteriosclerosis 
m the lung could not be demonstrated exhibits a 


maiked pi epondei ance of cases m the younger 
age groups, accoidmg to Bull and Krygier 

Years 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 
Cases 2355210 1 

Males aie apparently as often affected as 
iemales 

Among the various hydiostatic hypertensive 
mechanisms active m the pioduction of pul- 
monaiy aiteiiosclerosis those of cardiovascular 
natuie appear to be most impoitant Posselt 
noted that heart disease Mas present m the ma- 
jouty of 274 cases, and that m 40 per cent there 
was mitral stenosis Bienner found caidiac dis- 
oi dei s m 20 of 100 cases and general hyperten- 
sion in 9 additional cases Costa listed mitral 
stenosis m 18 cases, Miller m 15 cases Steinbeig 
in 29 cases, Parkei and Weiss in 5 of 10 cases, 
Bi uning in 5 of 21 cases, with 2 additional cases 
in which theie Mere otliei initial lesions and 
1 m which theie Mas obhteiative pericarditis 
Scheel recoided 4 cases with initial stenosis and 
Oguro 3 cases Steinberg observed pulmonaiy 
aiteiioscleiosis m 88 per cent of all cases of 
heart disease and in 83 pei cent of 35 cases of 
heait disease with nntial stenosis, Miller, in 30 
per cent of 52 cases of mitral stenosis , Zeek, m 
59 cases among 62 cases of rheumatic heart 
disease Additional cases of initial stenosis with 
pulmonai) arteriosclerosis M^ere leported by 
Ehascheuutsch, Moschconutz, Lenart, Guilia- 
mni and others Congestive induration of the 
lung M r as frequently accompanied by pulmonary 
aiteiiosclerosis (Bredt, Schutte) Congenital 
cardiac and aortic abnormalities figuied in the 
following cases open ductus arteriosus (Hohen- 
nei , Johannsen and Connor, Zur Linden) , 
patent foiamen ovale and defects of the auricular 
or the ventricular septum (Watjen , Zur Linden . 
Romberg, Aust, Monckeberg, Johannsen and 
Connor, Posselt, Heuschen, Okkels and Thei- 
kelsen, Gombert, SteMait and Crawford), 
tiansposition of the aoita and the pulmonaiy 
artery (Watjen, Tonmes, Maichand) It may 
be mentioned m this connection that defects of 
the ventriculai septum aie not always congenital 
but may result from trauma to the chest (Husten , 
Revenstorf, Ebbinghaus, Fischer, Rosenthal, 
Gross , Terillou , Reubold) Thus any pulmonary 
artenoscleiosis developing on the basis of a 
traumatic defect of a septum has medicolegal 
significance Hart noted narrouung of the orifices 
of the pulmonary veins as the cause of increased 
lesistance m the pulmonary circulation 

The next frequent souice of hydrostatic pul- 
monary hypertension is represented by processes 
reducing the vascular bed Mutlnn the lung eithei 
by destruction ot the capillaries as m emphysema 



HUEPER — ARTE RIOS CLEROSIS 


61 


or by compiession of these vessels as in pul- 
monary edema and pneumonia, or by intei stitial 
fibrosing processes such as those seen in chronic 
pneumonia of physical or chemical genesis and m 
schistosomiasis, or by mti avascular obliterating 
leactions such as endaiteritic mtimal prolifera- 
tion, embolism and thiombosis, or by compies- 
sion 01 collapse of pulmonary parenchyma as 
caused by tumors, extensive pleural adhesions 
and deformities of the chest, resulting in com- 
pensatory emphysema (Tugendieich , Stern- 
beig, Laubry and Parvu, Laubry and Thomas, 
Ayeiza, Rogeis, Warthm, Vaquez, Amllaga, 
Arnllaga and Gnoux, Castex and Capdehouiat, 
Schwartz, Munzer, Hohenner, Yatei and Con- 
stant , Hoi a , Konstam , Kuntschik , Rosentlial , 
Mes ei , Mobitz, Kreiberg, and otheis) 
Emphysema, which develops on an occupa- 
tional basis m glass blowers and musicians play- 
ing brass instruments, w'as observed in 3 pei 
cent of the 100 cases studied for pulmonary 
arteriosclerosis by Brenner, while pulmonary 
diseases of this and other types weie present in 
29 cases Biumng recorded 5 cases of pulmonary 
disease, 2 of them with pleural oblitei ation, 
among a total of 21 cases of pulmonaiy arterio- 
sclerosis Fischer mentioned that pulmonaiy 
arteriosclerosis was always associated with pul- 
monary emphysema Steinberg, on the other 
hand, saw this combination in only S2 per cent 
of his cases of emphysema, and Parker and Weiss 
did not see any sclerotic lesions m the pulmonary 
arteries in 15 cases of emphysema Torhorst, 
again, listed cases of pulmonary arteriosclerosis 
associated with emphysema, as did a number of 
others (Braudes, Cook and Osborne, Miller, 
Moschcowitz, Kaltreider) Parker studied 32 
cases of emphysema and observed pulmonary 
aiteriosclerosis m all except 6 (81 3 per cent), 
whereas Steinbeig listed 50 per cent as the rate 
of incidence m his cases of emphysema Parker 
mentioned that the degiee of the arterial changes 
paralleled that of the emphysema Torhorst le- 
corded the occurience of the pulmonaiy arterial 
lesions in connection with pulmonary tubeiculosis 
and with pneumonocomosis, while otheis 
(Schlomka and Schulze, Hagemann, Wade, 
Seevers, Enzei and Becker , Millei , Linzbach 
and Wedler, Giese , Geilach, Gardner, Chair 
and Riddle, Bergerhoft , Gerstel, Kalbfleisch) 
saw pulmonaiy arterial and arteriolai sclerosis 
in cases of pulmonary silicosis and asbestosis 
In this connection it is interesting to note that 
Gardner observed increased incidence of sclerosis 
ot the geneial circulatoi} s}stem with silicosis at 
age periods when silicosis is common This ob- 
servation ma} be i elated to the diminution in the 
ox}genation of the aiterial blood that results 


from the i eduction of the total capacity of the 
silicotic lung with its deci eased numbei of pul- 
monary vessels, decreased lumens and thickened 
alveolai w-alls The latter change impairs the 
diffusing of oxygen through the alveolar walls, 
thereby eliciting hypoxemia, winch is accentuated 
by the relatively inci eased deoxygenation of the 
blood m the tissues Murphy, Krainin and Ger- 
son, as w'ell as Matsui, saw' this condition m cases 
of geneialized fibrosis of the internal oigans, in- 
cluding the lung, complicating sclerodeima 

The perivascular granulomatosis and fibiosis 
associated with the pulmonary schistosomiasis 
occurnng endemically m South America, Egypt, 
Afiica and Asia (Mena) and occasionally in 
North Amenca (Cutler) was the cause of pul- 
monary arteriosclerosis m cases repoi ted by 
Sorour, Bey, Miller and Clark and Giaef 

Pulmonary arteriosclerosis m rats following 
pioduction of pulmonaiy edema thiough pio- 
longed inhalation of air with increased oxygen 
tension (80 per cent) has been reported (Smith, 
Bennett. Heim, Thomson and Drinkei , Bennett 
and Smith Smith and Bennett) This obseiva- 
tion, however, w'as not confirmed m subsequent 
similar experiments of Rehbock, Oldt and Dixon 
Darley and Doan considered the possibility that 
the chiomc pulmonaiy edema elicited by exces- 
sive consumption of table salt (halophagia) might 
have been responsible foi the development of pul- 
monaiy arteriosclerosis, and m view' of the fact 
that m this case the repeated attacks of pneu- 
monia caused several penods of mci eased pul- 
monary arterial pressure and may have been 
lesponsible for arteriolai endartei ltis, it is moie 
likely that a pneumonic mechanism of transitoiy 
hypertension accentuated and continued by sec- 
ondary endarteritis w'as responsible foi the ulti- 
mate pulmonary arteuosclerosis It must be 
mentioned, however, that Kitamura attnbuted the 
pulmonary arteuosclerosis of his case to a general 
plethoric intravascular hydrostatic hypei tension 
caused by habitual excessive consumption of beer 

Intrathoracic and pulmonary neoplasms com- 
pressing branches of the pulmonary arteiy and 
compressing or destroying a pai t of the vascular 
pulmonary bed w'ere noted as causes of hydro- 
static pulmonary hypertension and the ensuing 
pulmonary arteriosclerosis in some cases (Fried, 
Rossle, Hornow'ski, Lutensbacher), while 
thoracic deformities, such as kyphoscoliosis act- 
ing m similar fashion, figuied m others (Edei- 
ken , Ljungdahl) 

Intrai ascular obstructions causing an elevation 
of the hydrostatic pressuie m the rest of the pul- 
monary netw ork liai e been observed These took 
the torm of repeated and multiple emboli in the 
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small pulmonaiy arteries in some instances 
(Ljungdahl, Krutzsch, Eppinger and Wagner, 
Lowenstein, Lang, Goedel) and the form of 
thromboangntic occlusions m these arteries in 
others (Lowenstein, Schutte, Wail, Bacon and 
Apfelbach) The hydrostatic mechanism m such 
cases differs fundamentally from that in some 
of the cases in which thrombi block partly 01 
completely the stem 01 the mam branches of the 
pulmonaiy arteiy, as in certain reported instances 
of pulmonary thrombosis (Desclin, Hart, von 
Jurgensen, Stadelmann, Monckeberg, Lowen- 
stein, Ljungdahl, Goedel) While in seveial 
of these cases the thrombosis in the proximal 
parts of the vessel was secondaiy to similai 
changes in the distal portions and developed 
therefore on the basis of primary hydiostatic 
hypertension, Desclin noted m only 1 of his 6 
cases of primary thiombosis of the pulmonary 
artery a minor degiee of arterioscleiosis of the 
distal pulmonaiy vessels Under such cucum- 
stances the hydrostatic pressuie is inci eased only 
in the extiapulmonaiy part of the pulmonary 
artery, which is pioximal to the thrombus, while 
in the mtiapulmonaiy vessels, distal fiom it hy- 
potension prevails Similai hemodynamic con- 
ditions are observed in cases of congenital stenosis 
of the pulmonary arteiy, usually affecting the 
stem at the region of the bifurcation This mal- 
formation is raie as there are only 5 cases on 
lecord (Lissauer) The inci eased hydrostatic 
pressure in the pioximal part of the pulmonaiy 
artery ahvays dilates the lumen and m some cases 
causes the formation of an aneurysm It may be 
mentioned in this connection that Karsner, Simon 
and Fujivara, who injected suspensions of lyco- 
podium seeds and of A^aniHa seeds m a solution 
of acacia daily foi several months into the leg 
veins of dogs, some of which were exercised on 
a treadmill, failed to produce pulmonary aiterio- 
sclerotic changes by this method of eliciting 
hydrostatic hypertension in the lessei circulation 
There remain the 20 cases of so-called pi unary 
pulmonaiy arteriosclerosis (Monckeberg, Ros- 
sle, Sanders, Schutte, Ljungdahl, Hart, 
Krutzsch, Tschistowitsch , Goedel, MacCallum , 
Kuntsclnk, Ulrich, Brenner, Mallory, Kilhngs- 
worth , Gibson) in which a primary cardiac oi 
pulmonary mechanism could not be demonstrated 
and in which the action of some sort of primary 
peripheral pulmonar} arterial spasm must be 
assumed, such as may be elicited by lead, nicotine 
and sa mpatheticomimetic drugs (Brandes, Cook 
and Osborne , Low enstein , Aust , Stadelmann , 
Bredt , Krutzsch) Such vasotonic agents m 
turn would be responsible for the endaiteritic 
and thromboangntic reactions causing the pei- 


sistent pulmonary hydrostatic hypertension and 
the aitenal and arteriolar sclerosis 

A dilatation of the stem and of the laige 
branches of the pulmonary artery has been ob- 
served m several cases of pulmonary hydrostatic 
hypertension (Hart) Gombert noted that the 
small pulmonary arteries were distended and 
tortuous, Zur Linden, that the arterioles Avere 
dilated, forming sinusoid cavities The lumens of 
the small and smallest aitenes, hoAvever, vveie m 
most cases narrowed or obliterated through en- 
dartentic fibrosing proliferations of the ultima 
In some cases, on the other hand, such partial or 
complete occlusions of the mtrapulmonary ar- 
teries Avere produced by blood clots of thrombotic 
or embolic origin (Gombert, Parker and Weiss, 
Ljungdahl, Krutzsch, Goedel, Eppinger and 
Wail, Bacon and Apfelbach) These clots were 
often muial, situated at bifurcations and projected 
like polyps into the vascular lumens, suggesting 
thereby an embolic origin They Avere in various 
stages of organization and recanalization and 
ultimately formed hemangiomatous structures 
(Gombert, Parker and Weiss, Ljungdahl, 
Kiutzsch, Goedel, Eppinger and Wagner, 
Lowenstein) such as those seen in thrombo- 
angiitis obliterans and m thrombophlebitis of 
the portal vein In some of these cases as Avell 
as in others thrombotic processes m the small 
arteries and arterioles Avere associated Avith 
fibrinoid and necrotizing inflammatory changes 
in the vascular wall (Schutte, Wail, Bacon and 
Apfelbach) The necrotizing artenohtis and 
aitentis thus produced lesembled similar pioc- 
esses observed in tin omboangntis obliterans 
(Benda), periarteritis nodosa (Jager) and 
malignant nephrosclerosis (Parker and Weiss) 
Thiombosis of the stem and of the laige 
blanches of the pulmonary aitery vvas seen m 
cases reported by Goedel and by Stewart and 
CraAvford The mtima ol these vessels exhibited 
thickenings of a fibrous and hyaline nature com- 
plicated by lipoid deposits and calcifications In 
the majority of cases of pulmonaiy arterioscleio- 
sis either there were no mtimal changes in these 
paits of the pulmonary Avascular tree or there 
were white spots or stripes composed of fibious 
and hyaline tissue (Brenner, Parker and Weiss) 
These lesions were most often located just above 
the cusps and m the region of the bifurcation 
Similai changes of more extensive degree oc- 
curred m the medium-sized mtrapulmonary ar- 
teries and were rarely complicated by lipoidal 
and calcinotic deposits Degenerative fibrosing 
and hyaline changes m the media of the large 
and medium-sized pulmonary vessels occurred 
but A\ere not common Laubry, as Avell as Biedt, 
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stated that the scleiotic lesions were restucted to 
the large and medium-sized branches in cases 
of hydrostatic hypertension resulting from chion- 
ic pulmonary disease However, there have been 
numerous cases of this genesis as well as of cai- 
diac origin in which the intimal sclerosis extended 
to an increasing degree mto the small and small- 
est arteries (Brenner) 

The intimal changes observed m the small 
arteries and arterioles were m many cases those 
of oligocellular, fibrous prolif eiation of the 
endarteritic type These reactions were particu- 
larly common m the cases of arterioscleiosis 
associated with pneumonocomosis, m which the 
blood flowing through the arteual channels of 
the lung is retarded and in which the parenchym- 
atous fibiosis causes, through compression of 
arteries from the outside, localized hypotensive 
ischemic conditions m the pulmonary vascular 
tree In a number of cases theie weie relatively 
cellular intimal proliferations in the arterioles 
In others, especially those with congestive heait 
failure, there occurred subendothelial hyahmza- 
tion and elastosis (Mobitz, Schutte, Kitamuia, 
Rossle, Ljungdahl, Krutzsch , Steinberg, Biun- 
mg, Elders, Frey, Brenner) Muscular hypei - 
trophy of the media was seen paiticulaily often in 
cases of chronic pulmonary disease (Biennei) 
In some cases the aiteriolar intimal thickenings 
contained appreciable numbers of lymphocytes 
(Schutte, Lang, Wagner and Eppmger, Mur- 
phy , Krainin and Gerson) 

The arterial and aiteriolar lesions occurnng in 
the pulmonary arterial tiee in association with 
mci eased mti avascular hydrostatic pressuie vary 
greatly in type and reflect the vanous and com- 
plex causal mechanisms and hemodynamic condi- 
tions complicating the main etiologic factoi It 
is for these leasons that the vascular reactions 
in hydrostatic hypei tension of the lesser circula- 
tion resemble m many respects those found in the 
kidney with chi omc glomei ulonephritis 01 benign 
and malignant essential hypei tension 

SUMM \RY 

The evidence presented as to the type of 
morphologic changes brought about in the ar- 
teries by an increase or a decrease of mtravas- 
culai hydrostatic pressure shows that the lesions 
are very similar to those elicited by hypotensive 
and hypertensive conditions of vasotonic genesis 
The mam exception seems to be represented by 
the subendothelial hyalmosis and elastosis of the 
arteuoles and small arteries seen only in con- 
nection with an increase of intravascular h)dro- 
static piessure 
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Notes and News 


Public Health Cancer Association — This associa- 
tion is organized to meet the paiticular need of persons 
engaged in cancer control activities m federal, state, 
city and other official agencies Active membership is 
limited to professional workers m official cancer pro- 
grams The president is Herbert L Lombard, Boston, 
and the secretary-treasurer is Morton L Levin, Albany, 
NY A meeting and a symposium on cancer will be 
held in connection with the annual meeting of the 
American Public Health Association 

Appointments — Howard C Hopps, of the Univer- 
sity of Chicago, has been appointed professoi of pa- 
thology and chairman of the department of pathology 
in the University of Oklahoma He succeeds Louis A 
Turley, who has retired as professor emeritus 

Sidney C Madden, associate professor of pathology 
of the University of Rochester School of Medicine and 
Dentistry, Rochester, N Y , has been appointed pro- 
fessor of pathology and head of the department of pa- 
thology at Emory University School of Medicine, 
Atlanta, Ga The appointment fills the vacancy occa- 
sioned by Roy R Kracke’s acceptance of the deanship 
of University of Alabama School of Medicine 


Deaths — Sir John Ledmgham, dnector of the Lister 
Institute of Preventive Medicine, London, England, died 
on October 4, 69 years of age He served the institute 
for thirty-eight years, becoming director in 1931, after 
a long period as head of the department of bacteriologv, 
serology and experimental pathology 

Alexis Cairel, of Paris, France, from 1912 to 1939 a 
member of the Rockefeller Institute for Medical Re- 
search and Nobel laureate, died on November 5 at the 
age of 71 years 

Awards — Roscoe R Spencei, chief of the National 
Cancer Institute, has been given the Clement Cleveland 
Award for 1944 by the New York City Cancer 
Committee 

Through the American Academy of Pediatrics, Mead 
Johnson Awards have been presented to Fuller Albright, 
of Harvard Medical School, for his work on skeletal 
and metabolic disturbances in parathyroidism and other 
diseases affecting bone foimation, and to Josef Warkanv, 
of the Children’s Hospital, Cincinnati, for his experi- 
mental study of congenital malformations induced by 
vitamin deficiencies in the mother’s diet 


Book Reviews 


Atlas of the Blood in Children By Kenneth D 
Blackfan, M D , late Thomas Morgan Rotch pro- 
fessor of pediatrics at Harvard Medical School and 
late physician in chief of the Infants’ and Children’s 
Hospital, Boston, and Louis K Diamond, M D , 
assistant professor of pediatrics at Harvard Medical 
School and visiting physician and hematologist of 
the Infants’ and Children’s Hospitals, Boston With 
illustrations by C Merrill Leister, M D , associate 
pediatrician at St Luke’s Hospital, Bethlehem, and 
Allentown General Hospital, Allentown, Pa Pp 312, 
with 70 colored illustrations Price §12 New York 
The Commonwealth Fund, 1944 

This atlas presents in painting and writing the results 
of systematic, comprehensive morphologic and clinical 
studies, over many years, of diseases of the blood in 
infancy and childhood There are 70 plates of uniform 
excellence, with descriptive keys, illustrating blood cells 
in health and disease The plates are accurate photo- 
lithographic reproductions of paintings by Dr C Mer- 


rill Leister, pediatrician and artist For the most part 
the originals were dry blood films stained with the 
Wright stain The wish of the senior author, the 
late Dr Blackfan, for good illustrations of the blood 
cells for the guidance of students and physicians has 
been well met indeed The text consists of concise 
discussions of blood diseases with illustrative case his- 
tories, preceded by a description of the blood cells and 
a review of their origin The maturation of the dif- 
ferent series is illustrated in the first five plates Then 
come sections on the erythrocytes in the various forms 
of anemia, on the leukocytes in disease, on leukemia 
and on the platelets A short, select bibliography is 
appended In the preface acknowledgment is made of 
the assistance and support of the Commonwealth Fund 
“which alone made possible the excellent reproduction 
of the plates and the publication of this atlas ” It 
will be a most helpful guide to the study of blood 
diseases A splendid addition has been made to the 
literature of clinical hematology 
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CONGENITAL GLYCOGENIC TUMORS OF THE HEART 
THOMAS M BATCHELOR, B S , and MARK E MAUN, M D 

DETROIT 


Congenital tumors of the heai t, rhabdomyomas, 
are comparatively lare Since von Reckling- 
hausen 1 described the fust case m 1862, 63 
authentic cases have been recorded One atypical 
case was reported by Brown and Giay 2 Four 
cases have been leported in othei species, 1 m a 
guinea pig by Hueper, 3 2 m swine by Hieionymi 
and Kukla 4 and Clausen, 5 and 1 m a bovine 
animal by Pires and Mucciolo G 

Knox and Schoiei 7 were the first to lecord a 
case m American hteiatuie Since that time 
cases have been leported by Wolbach, 8 Faiber, 9 
Yater, 10 111 and Giay, 11 Wegman and Egbert, 12 
Hueper, 13 Labate, 14 Olsen and Cooper 15 and 
Hillman 16 The case reported here is the elev- 
enth in American hteiatuie and the sixty-third in 
general medical hteiature 

REPORT OF A CASE 

The mother of the patient was a 19 year old primipara 
She was admitted to the hospital Nov 24, 1943 The 
last menstrual period was Feb 25, 1943, the expected 
date of confinement, Dec 1, 1943 The prenatal and 

From the Department of Pathology of Wayne Uni- 
versity College of Medicine and St Mary’s Hospital 

1 von Recklinghausen Monatschr f Geburtsch u 
Frauenkr 20 1, 1862 

2 Brown, G, and Gray, J Lancet 1 915, 1930 

3 Hueper, W C Am J Path 17 121, 1941 

4 Hieronymi, E , and Kukla, R Virchows Arch f 
path Anat 232 459, 1921 

5 Clausen, L Deutsche tierarztl Wchnschr 46 
838, 1938 

6 Pires, E R , and Mucciolo, P Rev Fac Med 
Vet Umv Sao Paulo 1 67, 1939 

7 Knox, J H M , and Schorer, E H Arch 
Pediat 23 561, 1906 

S Wolbach, SB J M Research 16 495, 1907 

9 Farber, S Am J Path 7 105, 1931 

10 Yater, W M Arch Int Med 48 627, 1931 

11 111, C H, and Gray, F W Am J Obst & 
Gynec 28 264, 1934 

12 Wegman, M E, and Egbert, D S J Pediat 
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13 Hueper, W C Arch Path 19 372, 1935 
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15 Olsen, R , and Cooper, R J Am J Path 17 
125, 1941 

16 Hillman, R W Broohljn Hosp T 3 183, 1941 


the past history were noncontributory The blood pres- 
sure was 180 svstolic and 124 diastolic The urine 
contained albumin (4 plus) The hemoglobin content 
was 10 5 Gm (66 per cent), the red cell count w'as 
4,100,000, the white cell count, 11,000 with 72 per cent 
polymorphonuclear leukocytes The Kahn test w'as 
negative 

On Nov 25, 1943 the mother spontaneously delivered 
an apparently normal full term boy, weighing 4 pounds 
10% ounces (2,119 Gm) Respirations were slightly 
delayed, hence oxygen was given, with good results 
Three days later the infant suddenly began to show 
intermittent cyanosis, which, however, soon became per- 
manent and generalized The heart sounds were normal 
Loud moist rales were heard throughout both lungs 
The infant pursued a rapidly downhill course and died 
November 28 

Ncaopsy — The autopsy was performed twenty hours 
after the patient died The body was that of a white 
boj 53 cm in length and approximately 5 pounds 
(2,268 Gm ) in V eight It was fairly well nourished, 
and development was good Slight postmortem rigidity 
was present Generalized patchy cyanosis of the skin 
w'as seen No external anomalies were noted 

The bowel surfaces were smooth and shiny About 
50 cc of serous fluid was present m the peritoneal 
cavity The liver weighed 65 Gm, was deep red and 
soft in consistency Cut section revealed a marked 
excess of blood 

The lungs were free of adhesions No fluid was 
present in the pleural cavities Each lung weighed 
20 Gm Crepitation was diminished throughout, and the 
cut surfaces w'ere moist and deep red 

The spleen weighed 8 Gm Its cut surface revealed 
model ate congestion Each kidney weighed 15 Gm The 
organs w’ere moderately soft in consistency, and their 
cut surfaces were deep red No tumors or cysts were 
seen The gastrointestinal tract showed no abnormali- 
ties Unfortunately the brain w'as not examined 

The pericardial sac contained 5 cc of clear straw- 
colored fluid 

The heart measured 7 5 cm m width and was en- 
gorged with blood When emptied, the heart with the 
roots of the great vessels weighed 32 Gm Beneath the 
shiny visceral epicardium in the walls of the right and left 
ventricles weie numerous raised, rounded tumor nodules, 
measuring 2 mm to 2 cm in diameter Beneath the 
endocardium of the left ventricle there was a raised 
nodule, measuring 1 5 cm by 5 mm , that covered the 
interventricular septum In the right ventricle two 
raised nodules, measuring 1 cm in diameter, w'ere seen 
beneath the endocardium of the septum The papillary 
muscles in both -ventricles showed small nodules, about 
2 mm in diameter Similar nodules were seen m both 
auricles 

On cut section the nodules were fairly well defined 
but nonencapsulated, the> w'ere subepicardial, intra- 
mural and subendocardial in location Their cut sur- 
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faces were yellowish white, smooth and somewhat softei 
in consistency than the adjacent brownish red myo- 
cardium The valve leaflets were normal in appearance 
A patent foramen ovale, measuring 1 cm m diameter, 
was present, and a ductus arteriosus, measuring 3 mm 
m diameter, connected the pulmonary artery wuth the 
aorta 

The heart was immediately placed in a 4 per cent solu- 
tion of formaldehyde, but it w'as removed two hours later, 
and blocks of tissue were placed in absolute alcohol, in 
Zenker’s solution and in a 4 per cent solution of for- 


dehyde-fixed tissue from the heart were stained w'lth 
sudan III 

Microscopic Examination — Sections of the nodules 
stained with hematoxylin-eosin presented the typical vac- 
uolated appearance described in the literature The 
nodules were 500 microns to 2 cm in diameter 
They appeared discrete because of the numerous clear 
spaces within the cells of the tumors that were in 
contrast to the more compact eosin-staimng c\toplasm 
of the surrounding myocardial fibers The boun- 
daries of the nodules for the most part were sharp, 



Fig 1 — A, heart with raised tumor nodules of vaiymg sizes protruding from beneath the epicardium of the 
right lentricle Nodules may be seen within the myocardium of the open portions of the heart B, left ventricle 
opened to show' raised subendocardial nodule located in the interventricular septum Other tumors are seen within 
the nnocardium 


maldehjde Blocks of all the tissues were embedded in 
paraffin and stained wuth hematoxj lm-eosm In addition, 
prepared sections of the heart were stained wuth azo- 
carmitie and with phosphotungstic acid-hematoxylin 
Other sections of the heart that were fixed in absolute 
alcohol and embedded in celloidm (a concentrated prepa- 
ration of pjroxjhn) were cut and stained with Best’s 
carmine stain for gh cogen Frozen sections of formal- 


but m some areas a gradual transition from normal 
cardiac fibers to the vacuolated cells was apparent 
A few blood vessels were seen within the tumors Sec- 
tions of the tumors stained with hematoxylin-eosm 
revealed under higher magnification that the nodules 
were composed of closely packed cells ranging 
from 8 to 300 microns in diameter The cells 
contained large empty spaces with onl\ a small 
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peripheral rim of eosin-staming cytoplasm The nuclei 
■\\ hen present were located chiefly in the peripheral 
strands of cytoplasm Occasionally, however, they were 
located centrally m the vacuolated cells, surrounded by 
a narrow zone of cytoplasm that extended to the 
periphery in spider web fashion 

Sections of the myocardium stained by Best’s carmine 
method revealed numerous glycogen granules within 
the vacuolated spaces of the tumor cells Some cardiac 
fibers that appeared normal with routine hematoxylin- 
eosin stains were also found to contain fine granules of 
glycogen 

Sections of the myocardium stained with azocarmine 
revealed a small amount of connective tissue within the 


tions From so striking a picture it is easy for one to 
believe that the granular appearance of the compressed 
cytoplasm of the tumor cells represents no more than 
the cut ends of cross striations No mitotic figures 
were seen ' 

When stained wuth sudan III, sections of the tumors 
revealed a few fat droplets within the sarcoplasm of the 
cells rather than within the vacuolated spaces them- 
selves 

Histologic examination of the other organs revealed 
bronchopneumonia and partial atelectasis of each lung 
and acute passive congestion of the liver, the spleen and 
the kidneys No glycogenic tumor nodules were found 
in the other organs and tissues examined 



Fig 2 — A, photomicrograph of a nodule and the adjacent normal m\ ocardium Note marked vacuolation of 
the tumor cells Hematoxyhn-eosin , X 100 B, higher magnification of the edge of the nodule Note the apparent 
shaip transition from normal cardiac fibers to vacuolated cells Hematoxvlm-eosin , X 600 C, photomicrograph 
showing a typical spider cell Note the central location of the nucleus and the delicate cytoplasmic strands having 
a spider web arrangement Hematoxj lin-eosin , X 600 


vacuolated tumors and in association with the blood 
vessels The normal cardiac fibers stained red, and 
cross striations within the cjtoplasm of the fibers were 
visible The vacuolated cells of the tumors were com- 
pleted surrounded by red-statnmg granular cytoplasm 
With the aid of phosphotungstic acid-hematoxylm 
stain, the cytoplasmic granules resembled m}ofibrillar 
material Further, m some areas horizontal sections of 
the peripheral septums of the vacuolated cells were seen 
as thm sheaths of sarcoplasm with distinct cross stria- 


COJninXT AX'D REVIEW or THE LITERATE RE 

Tcnmnology — There has been consideiable 
disagreement over the name that should be at- 
tached to the entity under discussion “Rhabdo- 
mvoma” was used by early investigators and has 
been the term generally accepted bv contemporary 
students ot the subject even though they agree 
that the tumois to which it is attached do not 
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lepresent a neoplastic process Wolbacli, 8 using 
phosphotungstic acid-hematoxylin stain, demon- 
strated early fibril foimation of the cardiac 
muscle and with this evidence consideied the 
rhabdomyoma a true neoplasm On the othei 
hand Steinbiss, 17 Olsen and Coopei, 13 Yatei 10 
and Hueper 13 endorsed the teim “hamaitoma” 
as used by Albrecht, 18 to indicate a tumor- 
like, nodular, congenital lesion that did not 
lepresent a proliferative neoplastic lesion Olsen 
and Coopei 16 have offered the teim “congenital 
nodulai glycogenic degeneration of the myocai- 
dium” to indicate a localized degenerative piocess 
mi olving the myocardium of the new hoi n These 
authors expressed the belief, along w ith the others, 
that “congenital rhabdomyomatosis” repiesented 
a degenerative lesion because of the presence of 
glycogen in the vacuolated cells of the tumois 
Steinbiss 17 expressed the belief that fibrosis and 
calcification m oldei lesions represented degen- 
erative phenomena Humphreys and Kato 10 
suggested that the diffuse type of “rhabdomyo- 
matosis” may be a foim of Gierke’s stoiage dis- 
ease Hueper, 3 on the othei hand expressed the 
belief that the glycogen pi esent m the nodulai tu- 
mors of the heart differed from that found in 
Gierke’s storage disease because m the former the 
glycogen dissolved out readily m ordinal y tissue 
fixatives while m the latter the glycogen could be 
demonstrated in the cells weeks to months latei 
To summarize, “rhabdomyoma” has become firmly 
fixed in the literature, but it is a nusnomei in 
that no true neoplasm occuis “Congenital nod- 
ular glycogenic degeneration of the myocar- 
dium” is not accuiate because there is no et idence 
to support the contention that accumula- 
tions of glycogen within myocardial fibers rep- 
resent degeneiative phenomena , neither do fibio- 
sis and calcification in older lesions repi esent 
degeneiation “Hamartoma” as used by Al- 
brecht 1S is a more suitable term m that it indi- 
cates the congenital natuie and the lack of neo- 
plastic qualities of the nodular lesions, but it does 
not emphasize the most important feature of the 
entity, the glycogen content 

0) igin — The origin of the nodular glycogenic 
tumors has been the subject of considerable 
speculation Knox and Schorer, 7 Kawamura, 20 
Schulgin, 21 Monckeberg, 22 Abricosoff, 23 Uehhn- 


17 Steinbiss, W Virchows Arch f path Anat 
243 22, 1923 

18 Albrecht, E Verhandl d deutsch path Ge- 
cellsch 8 89, 1904 

19 Humphreys, E, and Kato, IC Am J Path 
10 5S9, 1934 

20 Kawamura, R Centralbl f allg Path u path 
Anat 24 801, 1913 

21 Schulgin, M Zentralbl f Herz- u Gefasskr 
5 33,1913 


ger 24 and Bergei and Vallee 25 expiessed the be- 
lief that the tumoi cells arose from the Purlonje 
system However, since lesions could be found 
in areas where Purkmje fibers were not located, 
other investigate s doubted this theoiy Bund- 
schuh 20 and Amersbach and Handorn 27 showed 
the constituent fibeis to be of extra-Purkmje 
origin Many observers noted the similarity be- 
tween the tumor cells and embryonic myocar- 
dial fibeis Bundschuh 20 demonstrated that the 
tumois were composed of a more pnmitive 
muscle tissue that was pi esent before diffeienti- 
ation into the two adult constituents of the myo- 
cardium occurred Accoiding to Bonome-Cag- 
netto, 26 degenerated caidiac fibers were leplaced 
in fetal life by connective tissue whose ovei- 
growth caused the isolation of islands of 
embryonic heai t muscle fibers , these fibers gave 
rise to the tumor cells 

Cluneal Symptoms — Glycogen tumors of the 
heart larely cause clinical symptoms except m 
those patients in whom the tumors are situated 
on the valve leaflets , in the event of this loca- 
tion murmurs may be heaid Wegman and Eg- 
bert 12 leported a case in which cardiac arrhyth- 
mia was detected clinically , they concluded 
that the disordei was due to involvement of the 
conducting system Cyanosis was a frequent 
symptom in the cases reviewed, especially in 
newborn infants and in those patients who died 
suddenly 

Since tubeious sclerosis was associated with 
congenital nodulai cardiac tumors in a large 
number of cases, one would expect symptoms of 
a neurologic nature , such appeared In children 
and infants, mental development was retarded, 
and the ability to walk and talk was delayed, 
some exhibited marked indifference to then sui- 
loundings In some of the patients epileptiform 
attacks were frequent Howevei, one of the 
most constant findings was the occurrence of 
sudden death after minor ailments fiom which 
lecovery was usually expected 

Incidence — So-called congenital rhabdomyoma 
occurs chiefly m the newborn and infants under 
1 yeai of age In the series studied, totaling 63 

22 Monckeberg, J G Munchen med Wchnschr 
61 2108, 1914 

23 Abricosoff, A J Beitr z path Anat u z allg 
Path 45 376, 1909 

24 Uehhnger, E Virchows Arch f path Anat 
258 719, 1925 

25 Berger, L, and Vallee, A Ann d’anat path 
7 797, 1930 

26 BundSchuh, E Beitr z path Anat u z allg 
Path 54 278, 1912 

27 Amersbach and Handorn Frankfurt Ztschr f 
Path 25 124, 1921 

28 Bonome-Cagnetto, A Atti d r 1st Veneto di sc , 
lett e arti 5 205, 1903 
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cases, the incidence m the vai ious age groups was 
as follows 


Newborn 

15 

Under 1 year 

18 

1 to 3 years 

9 

3 to 15 years 

12 

Over 15 years 

7 

Not given 

2 

Total 

63 cases 


The disease affects both males and females but 
is moie common m the former As for racial dis- 
tribution, it has been reported in Negroes 
(Hueper 13 and Yater 10 ) and m Japanese (Ta- 
mura 2a and Mitam 2JK ) as well as in the white 
race 

Description of Tumors — Glycogenic tumors 
involve the left ventricle more frequently than 
any other site , however, any portion of the heart, 
including the valve leaflets, may be involved by 
nodules The tumors may be subepicardial, 
intramural or subendocardial In so-called con- 
genital rhabdomyomatosis one may see any of 
three pictures In 11 of the cases reviewed a 
single tumor was found within the myocardium, 
usually in the i egion of the apex of the heart , in 
48 of the cases multiple nodules involved almost 
ever) portion of the heart, and in 3 cases there 
was diffuse involvement of the myocardium, the 
case reported by Schmmcke 30 being the most 
remarkable m that the heart was hypertrophied 
and the entire myocardium replaced by rhabdo- 
myoma fibers while the normal contour of the 
heart was retained 

When nodules are seen within the myocar- 
dium, they usually appear as discrete, homo- 
geneous, yellowish white areas, somewhat soft in 
consistency However, in the case reported by 
Brown and Gray 2 a single tumor nodule, mea- 
suring 3 by 2% inches (7 5 to 5 6 cm ) and found 
m the lateral wall of the left ventricle, presented 
a pale white cut surface and a distinct coarse 
fasciculated appearance closely resembling that of 
a fibroma Microscopically, the tumor was com- 
posed of interlacing bundles of cardiac muscle 
fibers separated by the abundant connective tis- 
sue that formed the bulk of the tumor Onl) a 
few microscopic areas showed slight vacuolation 
We feel that this case should not be considered 
in the same category as the others discussed 
m this paper because of the absence of t>pical 
features described m the cases m the literature 
and noted in the case we have reported 

Earlier writers were not able to identify defi- 
nitely the contents of the vacuolated areas or to 

29 Tamura, O Gann 30 391, 1936 

29a. Mitam, S Tr Soc path jap 24 589, 1934 

30 Schmmcke, A Beitr z path Anat u z allg 
Path 70 513, 1922 


appreciate their significance Von Reckling- 
hausen 1 considered the empty spaces to repre- 
sent lymph or blood channels or “muscle-tubes” 
of pathologic origin Virchow 31 thought the) 
were either lymphatic cavities or cleai serous 
spaces Hlava 32 considered them to be artefacts 
of fixation Of the early writers, Ponfick, 33 
Knox and Schorer 7 and Wolbach s consideied 
them to be intracellular spaces In legal d to 
the content of the vacuolated spaces Maichand 34 
suggested that glycogen might be present because 
of the similarity of the tumor cells to fetal myo- 
cardium Seiffert 35 was convinced that glycogen 
was piesent, although he was unable to demon- 
strate it clearly Monckeberg 22 and Rehder 30 
demonstrated glycogen m the tumoi cells, and 
other investigators since then have obtained 
stains piovmg that glycogen was present within 
the vacuoles Bundschuh 26 found fine droplets 
of fat m cardiac fibers near the penphery of the 
vacuolated nodules ICawamura, 20 Mittasch, 37 
Olsen and Cooper 15 and Rae 38 demonstrated fine 
fat droplets in the cytoplasm of the cai diac fibei s 
Stembiss 17 stated definitely that the vacuoles 
were entirely free from fat, a fact that has been 
substantiated by later mvestigatoi s 

Cesaris-Demel 39 was the first to mention the 
so-called “spider cells” as many-processed cells 
lying within the vacuolated areas , he considered 
the spaces to be intercellular Seiffert 35 com- 
pared these “spider cells” to huge embryonic 
cells After careful study of the present case, we 
are convinced that the “spider cell” does not 
represent a cell within a vacuolated space, it 
merely represents a striated muscle cell that has 
become vacuolated by intracellular accumulations 
of glycogen in such a manner that the nucleus of 
the cell remains centrally located, sui rounded by 
a nairow zone of cytoplasm, while the remaining 
cytoplasm assumes a spider web pattern 

Associated Lesions — Congenital glycogenic 
tumors of the heart usually occur in association 
with some other lesions Von Recklinghausen 1 
was the first to note the presence of tuberous 
sclerosis in cases of rhabdomyoma of the heart 

31 Virchow, R Virchows Arch f path Anat 30 
468, 1864 

32 Hlava, J Praze 1 376, 1887 

33 Ponfick Verhandl d deutsch path Gesellsch 
4 226, 1901 

34 Marchand Verhandl d deutsch path Gesellsch 
3 64, 1901 

35 Seiffert Verhandl d deutsch path Gesellsch 
3 64, 1901 

36 Rehder, H Virchows Arch f path Anat 217 
174 1914 

37 Mittasch Munchen med Wchnschr 69 571, 
1922 

38 Rae, M V Canad M A J 39 63, 1938 

39 Cesaris-Demel, A Arch per le sc med 19 139, 
1895 


Data on Cases Receded in the Liteiatwe to Date (Enlarged Aftei Faibei 9 and Labate™) 



Author 

Heart 

Glycogen 

1 

Von Recklinghausen 1 

Multiple nodules 


2 

Virchow 31 

Multiple nodules 


3 

Hlav a 33 

Single nodule 


4 

Kolisko, A Med Jahrb 2 135 
18S7 

Multiple nodules 


5 

Cesans Demel 30 

Multiple nodules 


6 

Seiffcrt 3 “ 

Multiple nodules 


7 

Seiffert 3j 

Multiple nodules 


8 

Rothe Allg med Centr Ztg 
70 175,1901 

Multiple nodules 


9 

Ponflck “ 3 

Multiple nodules 


10 

Ponflck 33 

Multiple nodules 


11 

Bonome Cagnetto 28 

Multiple nodules 


12 

Riedmatten, R Trav d l’Xnst 
path d Lausanne 3 167, 1904 

Multiple nodules 


13 

Knox and Schorer t * 

Multiple tumors 


14 

Wolbach 8 * 

Single tumor 

Present 

15 

Abricosoff 23 

Multiple nodules 

16 

Ehrnrooth, E Beitr z path 
4.nat u z allg Path 51 262, 
1911 

Single tumor 


17 

Bundschuh 26 

Multiple nodules 


IS 

Jonas W Frankfurt Ztschr f 
Path 11 105, 1912 

Multiple nodules 


19 

Kawamura 20 

Multiple nodules 



20 

Sehulgin 21 

Multiple nodules 


21 

Schulgin 21 

Multiple nodules 


22 

Rchder 30 

Multiple nodules 

Present 

23 

Monckeberg 22 

Multiple nodules 

Prc c ent 

24 

Ribbert, H Centralbl f allg 
Path u path Anat 26 

241, 1915 

Multiple nodules 


25 

Hisinger Jagerskiold, E Fmska 
lak sallsk Handl 58 953, 1916 

Single tumor 


26 

Melnikov Razvcdenkov 40 

Single tumor 


27 

Amersbach and Handom 27 

Single tumor 

_ 

28 

Kaufmann, E Lehrbuch der 
speziellen pathologischen Ana 
tonne fur Studlerende und 

Aerzte, Berlin W de Gruyter 
& Co , 1922 

Multiple nodules 


29 

Kaufmann, E Ibid 

Multiple nodules 


„0 

Mittasch 3 " 

Multiple nodules 


il 

Mittasch 37 

Multiple nodules 


32 

Alittasch 37 

Multiple nodules 



Brain 

Tuberous sclerosis 


Tuberous sclerosis 


Tuberous sclerosis 

Tuberous sclerosis 
Tuberous sclerosis 
Tuberous sclerosis 
Tuberous sclerosis 


Tuberous sclerosis 


Tuberous sclerosis 


Tuberous sclerosis 


Tuberous sclerosis 
Tuberous sclerosis 


Tuberous sclerosis 


Tuberous sclerosis 


Tuberous sclerosis 
Tuberous sclerosis 
Tuberous sclerosis 
Tuberous sclerosis 


u3 

Schmincke 30 

Diffuse involve 
ment 


34 

Stembiss 

Multiple nodules 


3o 

Stembiss 1_ 

Multiple nodules 


36 

Stembiss 1_ 

Multiple nodules 


37 

Stembiss x " 

Single tumor with 
cicatrix 


38 

Ste nbiss 1 " 

Multiple nodules 


39 

Stembiss J " 

Single tumor 


40 

Omodei Zorini A Arch per le 
sc med 46 97, 1923 

Single tumor 


41 

Uehlmger 24 

Multiple nodules 


42 

Sikl 41 

Single nodule 


43 

Berger and Vallee 2 - 

Multiple nodules 


44 

Farber 0 ** 

Multiple nodules 

present 

45 

Tater 10 * 

Multiple nodules 


46 

Reitano, R , and Nucciotti, L 
Cuore e circolaz 17 605, 1933 

Multiple nodules 


47 

Banichev 42 

Single nodule 


4S 

111 and Grav 11 * 

Multiple nodules 


49 

Evmburner 43 

Multiple nodules 


50 

Mitnm 20,1 

Multiple nodules 


51 

Wegman and Egbert 12 * 

Multiple nodules 


52 

Hueper 13 * 

Multiple foci 
(microscopic) 

Present 


Tuberous sclerosis 

Tuberous sclerosis 
Tuberous sclerosis 

Tuberous sclerosis 

Tuberous sclerosis 
Tuberous sclerosis 


Tuberous sclerosis 
Tuberous sclerosis 


Tuberous sclerosis 
Tuberous sclerosis 


53 

Pauli, W Monatschr f Km 
derh <56 22 1936 

Diffuse tumor 


54 

55 

Pauli W Ibid 

Tamura 23 

Diffuse tumor 


56 

Elinkis 43 

Multiple nodules 


57 

O Flvnn and Mackay 44 

Multiple nodules 

Tuberous sclerosis 

5S 

Rne 35 

Multiple nodules 



59 Stewart 46 
CO Labato 14 * 

01 Hillman ™ * 

C" 1 Olsen and Cooper *-• * 


Multiple nodules 
Multiple nodules 
Multiple nodules 
Multiple nodules 


Tuberous sclerosis 
Tuberous sclerosis 
Present Tuberous sclcro'is 
Present 


Go Batchelor T M and Maun M "Multiple nodules Present 
£ trch Path , this issue * 


Other Organs Age 

Cutaneous tumor Newborn 

Barge liver, tumors Newborn 

of skin 

14 days 
2 months 

Multiple renal adenoma 3 years 
Ojsts of kidney 20 months (M) 

7 months 

Tumors of breast 


7 months 
3 years (M) 
18 months (F) 
7 months 

7 months 


Multiple neuroglioma 10 months (I") 


Renal tumors and 

3 Y* jears 

7 months 

2 jears (F) 

cysts, tumors of 
skin 

Harelip, cleft palate. 

6 months (M) 

anomalous kidney 

Renal tumors, con 

4 years (F) 

genital anomalies of 
pancreas, esophagus, 
rectum 

Renal tumors 

6 days 

Absence of right kid 

C years 
Newborn 

14 months 

nej and ureter 

Renal cysts 

1 year 

Renal tumors 

7% months 

Renal tumors 

20 25 years (M) 
7 days (M) 

3 years 

7 years 

Renal tumors 

4 months 

Renal tumors 

14 years (M) 

Renal tumors, angio 

31 years (M) 

mjolipomn of liv er 

Congenital tumors 

Newborn 

of lungs 

ribroepithelioma of 

5 years (M) 

skin 

Renal tumors 

3 jears (M) 

Renal and cutaneous 

10 years (M) 

tumors 

Renal tumors and 

16 years (M) 

cjsts 

Renal tumors 

21 years (F) 

Renal tumors 

35 jears 

Renal cysts 

2*6 years 

20 years 

9 weeks (M) 

2 years 

Renal cjsts 

6 months (F) 

Renal tumor 

5 jears (F) 

Hepatomegalv and 

1 day 

3 days 

48 hours (M) 

splenomegaly 

Renal cysts 

45 years (F) 
Newborn (M) 

Renal cysts 

10 months (F) 

Renal cjsts, hepato 

7 months (M) 

megaly, multiple 
spongioblastoma of 
basal ganglions 

Hepatomegaly, 

4 months (M) 

hydrocele 

Polj cystic kidnejs 

6^5 months (A 

24 hours (F) 

Hepatomegalv , spleno 

S% months (M 
3 days (M) 

megaly, partial ate 
lectasis of lungs 

Renal cysts 

9 months (Ml 

Anomaly of heart 

3 hours (M) 

Hj pertropbic pj lone 

21 months (F) 
40 days (M) 

stenosis 4 lobes to 


right lung, atelectasis 
of both lungs, 
renal abscess 

Partial atelectasis 3 dajs CM) 

of both lungs 


Cases reported in American literature 
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but he failed to describe the lesion Likewise 
Cesai ls-Demel 39 failed to describe this condition 
that occurred in association with rhabdomyoma 
of the heart m the case which he reported It 
remained for Ponfick 3 to give a clear descrip- 
tion of the associated tuberous scleiosis in his 2 
cases of rhabdomyoma He sought to explain 
both on a common basis of fetal malnutution 
with secondary vascular changes The tumois 
in all 6 cases reported by Stembiss 17 weie associ- 
ated with tubeious sclerosis In a leview of the 
literature he found that lesions of the biam 
occuired in 1 of 4 cases m which the heart was 
involved by a single nodule, in contrast to 24 of 
28 cases m which the heart was involved by mul- 
tiple tumors Labate, 14 in a comprehensive review 
of the literature, reported tuberous sclerosis in 29 
of 51 cases reviewed However, m cases not 
included m the review, namely, those of Melm- 
kov-Razvedenkov, 40 Sikl, 41 Yater, 10 Bai uchev, 4 - 
Lymburner, 43 O’Flynn and Mackay, 44 Eliakis, 43 
Rae 38 and Stewart, 46 tuberous sclerosis w as i e- 
ported by Yater, 10 O’Flynn and Mackay 44 and 
Stewart 40 Since 1939, 2 additional cases, exclu- 
sive of the present case, have been added to the 
litei atui e Hillman 16 reported tubei ous sclei osis 

40 Melmkov-Razvedcnkcn , N F Mosk A! J 
(ro 10) 9 64, 1929 

41 Sikl, H Casop lek cesk 64 757, 1925 

42 Baruchev, S K J Rann Detsk Y ozr 13 473, 
1933 

43 Lymburner, R M Canad M A J 30 368, 1934 

44 O’Flynn, E, and Mackay, H Proc Roy Soc 
M«d 30 1063, 1937 

15 Eliakis, M Ann de med leg 17 815, 1937 

46 Stewart, T D New Zealand AI J 39 63, 1938 


The brain w 7 as not examined by Olsen and 
Cooper 15 

Although the piesent review repeals that 
tuberous scleiosis has been observed in 50 pei 
cent of the cases of congenital nodular glycogenic 
tumors of the heart, there is no doubt that the 
incidence of coexistence of the two lesions is 
much higher Othei congenital disturbances 
that aie frequently seen with these tumors in- 
clude cysts and tumois of the kidneys, tumors of 
the sebaceous glands, harelip, cleft palate, multi- 
ple glioma of the brain and congenital malforma- 
tions of the pancreas, the kidneys and the lungs 

SUMMARY 

In a case of multiple tumors of the heai t in a 3 
day old boy glycogen was demonstiated within 
the tumoi cells 

A comprehensive review of the litei ature on 
so-called congenital rhabdomyoma of the heart 
revealed 62 authentic cases of tumois of the heait 
that presented a characteristic vacuolated ap- 
pearance on microscopic examination 

The cardiac tumors weie seen chiefly m in- 
fants and the newborn, with 52 per cent of the 
patients dying m the first year of life and 86 pei 
cent before they reached puberty 

The clinical symptoms were nonspecific, and m 
no case was the diagnosis made befoie death 
Fiequently the symptoms were due to associated 
lesions Tubeious sclerosis was found m 50 pei 
cent of the cases 

We suggest that the term “congenital nodulai 
glycogenic tumors of the heait” should replace 
“congenital rhabdomyoma” until moie is knowm 
about the nature of the lesions 



PRIMARY TUMOR OF THE HEART 

REUBEN STRAUS, MD, and REUBEN MERLISS, AID 
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Reports of primary tumoi of the heart appeal 
infiequently in the literature Because of the 
leluctance of many students of the subject to 
accept the diagnosis given in some of these 
leports, theie has been a considerable variation 
in the estimate of the numbei of cases that have 
occurred, the number varying with the bias of 
the author 

In 1938 Larson and Sheppard 1 accepted 155 
cases as sufficiently authentic to be included in 
an introduction to the repoit of a case of then 
own Since then only 7 more cases have been de- 
scribed 2 We now add 3 additional ones that 
were recently encountered at autopsies, 2 on two 
successne days and the third nine months later 

REPORT Or CASES 

C \se 1 — L L , a 57 year old white man admitted to 
the Cedars of Lebanon Hospital on Dec 31, 1943, 
complained of having had difficulty in breathing, 
s\\ elling of the ankles and the abdomen and considerable 
weakness for the preceding five to six months He 
asserted that until the onset of his present symptoms he 
had been completely well and that his symptoms de- 
veloped gradually and then became progressively worse 
He further recalled that three months prior to admission 
he had become jaundiced for a week, but at no time 
were acholic stools noted He complained of a lack of 
appetite and of a loss of 35 pounds (15 9 Kg ) in weight 
Concomitant with the onset of symptoms, he noted a 
pronounced reduction in urinary output, which persisted 
The past history by systems contributed nothing of 
interest 

The patient appeared moderately cyanotic, tired and 
weak The head and neck showed nothing remarkable 
The chest revealed frenntus impaired, the percussion 
note dull and breath sounds suppressed posteriorly at 
the base of the right lung A few crepitant rales were 
heard at the base of the left lung The heart was 
normal in size by percussion, the pulse rate was 84 and 
the blood pressure 118 systolic and 110 diastolic The 
cardiac tones were distant, but a rough systolic murmur 

From the Department of Pathology of the Cedars 
of Lebanon Hospital 

1 Larson, C P , and Sheppard, J A Arch 
Path 26 717, 1938 

2 (a) Bennett, D W , Komgsberg, J , and Dub- 
lin, W Am Heart J 16 117, 1938 (6) Boman, 

P G Ann. Int Aled 12 258, 1938 (c) Haj thorn, 

S R , Raj, W B, and Wolff, R A Am J Path 
17 261, 1941 (d) Jackson, A1 N , and Jacobson, 

J N Lancet 2 740, 1939 (c) Alartm, W C , 

Tuohy, E L, and Will, C Am Heart J 17 728, 

1939 (/) Reisinger, J A , Pekin, T J , and Blumen- 

thal, B Ann Int Afed 17 995, 1942 (g) Strouse, 

S Arch Int Aled 62 401, 1938 


could be heaid over the apex The peripheral blood 
vessels were moderately sclerotic There were moderate 
ascites and edema of the lowei extremities The 
venous pressure was 280 mm of water, and the circula- 
tion time with saccharine was nineteen seconds The 
rest of the physical examination revealed nothing of 
importance 

The only significant laboratory findings were a low 
level of the blood cholesterol (109 mg per hundred 
cubic centimeters), slight polj cythemia (erythrocytes 
5,460,000 per cubic millimeter and hemoglobin of 15 7 
Gm per hundred cubic centimeters), deficient plasma 
prothrombin time (40 per cent of normal), deficient 
removal of sulfobromophthalem from the plasma (90 pei 
cent of the dye remaining in the blood one hour after 
injection), poor excretion of phenolsulfonphthalein (a 
trace excreted by the kidneys m two hours) and a 
urine volume of 170 cc for twelve hours, containing 
large numbers of leukocytes, erythrocytes, casts and a 
moderate amount of albumin 

The condition was diagnosed as a hepatorenal 
syndrome, but the picture was not clear A thora- 
centesis of the right side of the chest jielded 1,000 cc 
of clear amber fluid 

During his stay m the hospital, the lespiratory rate 
remained between 30 and 40 Cyanosis persisted, only 
temporarily relieved by oxygen Terminally the pulse 
rate, which had been normal, rose to 120 The tem- 
perature stayed within normal limits except just before 
death, when it rose to 102 F Oil the fouitli hospital 
day the patient suddenly became markedly cyanotic and 
pulseless, and died 

Autopsy (about twenty houis after death) — The 
body was well nourished There was pronounced 
cyanosis of the lips and the nail beds No edema of 
the lower extremities was noted, but there was mod- 
erate edema of the subcutaneous tissue of the torso, as 
well as about 10 liters of clear serous fluid m the 
peritoneal sac, 2,000 cc in the left pleural sac, 500 cc 
in the right pleural sac and about 225 cc m the peri- 
cardial sac The heart weighed 420 Gm The external 
aspect presented nothing remarkable When the heart 
was opened, the right atrium was considerably dilated 
Attached to this aspect of the interatrial septum just 
posterior to and above the foramen ovale was an ovoid 
polypoid mass, 10 5 by 6 by 3 5 cm , about one third 
of which projected into the right ventricle A smooth 
glistening membrane covered this mass It was soft, 
semitranslucent and mottled yellow, reddish brown and 
grayish white On section it presented an extremely 
fine glistening texture, due m part to edema The 
pedicle was short, measuring 15 cm in length At 
the point of attachment to the atrium the substance of the 
stalk blended with the subendocardial stroma The 
foramen ovale was patent to a probe along its posterior 
margin The endocardium, the valve leaflets and the 
myocardium presented nothing remarkable except for 
moderate hypertrophy of the muscularis of the right 
atrium and ventricle No mural thrombi were seen 

Alicroscopic examination of the cardiac tumor re- 
vealed a relatively acellular eosinophilic matrix, in 
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part granular and in part hyaline, in which were seen 
numerous well developed blood vessels and scattered 
round, spindle and stellate cells In a few areas there 
was considerable extracellular and intracellular hemo- 
siderin, the latter within endothelial phagocytes Muci- 


creased venous piessure noted clinically Ihe lungs 
presented moderate congestion, edema and focal 
atelectasis 

The spleen weighed 300 Gm and showed considerable 
chronic passive congestion The liver weighed 1,940 
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Fig 1 — A, myxoma in case 1 elevated to reveal its attachment to the interatrial septum B, primary myxo- 
sarcoma of the left atrium in case 2 C, section of the tumor in case 1 (hematoxylin and eosin) D, section of 
the tumor m case 2 (hematoxylin and eosin) 


carmine stains showed essentially no mucin, only a 
faint red discoloration being noted m areas, which could 
have been artefact With Wilder’s reticulum stain 
sections revealed abundant reticulum 
The vv alls of the inferior v ena cav a and of the splenic 
•vein uere considerablj thickened, reflecting the in- 


Gm and reflected chronic passive congestion of a severe 
degree The other organs of the abdominal cavity 
presented no significant abnormality 

Death m case 1 was due to the cardiac tumor, 
myxoma, which by a “ball and valve” mechanism 
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produced marked stenosis of the tncuspid valve 
with severe cor pulmonale and effusions m the 
serous cavities of the body 

Case 2 — E N , a 62 year old white u oraan was 
admitted to the Cedars of Lebanon Hospital, Dec 
24, 1943, in a disoriented state with a diagnosis of 
diffuse cerebral arteriosclerosis and psychosis She 
died on the thirteenth hospital day with signs of 
pneumonia Since there was no clinical evidence of 
cardiac abnormality, details of the lustoiv and the 
examination are omitted 

Autopsy (about nine hours after death) — The bod\ 
was well nourished There w'as no edema and no effu- 
sion in any of the serous cavities The heart weighed 
320 Gm No abnormality was seen on the external 



aspect After the heart was opened, a fungating mass 
with a narrow pedicle was found attached to the left 
side of the interatrial septum just above the foramen 
ovale It measured 5 by 4 5 bv 3 cm It w as gelat- 
inous, with hemorrhagic and friable distal portions 
The cut surface revealed n regularly distributed white 
fibrous strands with some areas, chief!} at the base, 
which were yellow The mvocardium of the septum 
was not sharply demarcated from the stalk of the 
tumor Embedded between the papillary muscle and 
the columna carneae of the left ventricle were two 
small gelatinous nodules, the larger 8 mm in diameter, 
which resembled the tumor of the atrium On section 
superficial invasion of the mjocardium could be seen 
Except for patency of the foramen ovale along the 
posterior border, no other abnormality was found in 
the heart 


The lungs were heavy, considerably congested and 
edematous with patchy areas of bronchopneumonia m 
both lowei lobes The other thoracic and abdominal 
viscera revealed no significant abnormality The brain 
weighed 1,220 Gm There was severe arteriosclerosis 
of the arteries at the base Repeated section revealed 
no evidence of encephalomalacia, old or recent 

Microscopic examination of the arterial tumor re- 
vealed homogeneous, translucent, in part hyaline and in 
part granular appearing matrix in which were embedded 
relatively large well formed vessels and scattered 
spindle, round and stellate cells The tissue was sug- 
gestive of mucoid connective tissue The tumor was 
considerably more cellular at the base than in the 
superficial portions but invaded the atrial wall only 
slightly Large amounts of hemosiderin were visible 
in the hemorrhagic areas, some contained within endo- 
thelial phagocytes Stains for mucin showed none 
Abundant reticulum was demonstrated with Wilder’s 
reticulum stain Sections of one of the ventricular 
nodules presented a strikingly similar structure with 
slight invasion of one of the papillary muscles 

Sections from the lungs confirmed the gross findings 
of bronchopneumonia, congestion and edema Sections 
of the brain, taken at landom, failed to reveal striking 
variations from the normal No metastatic tumor 
nodules could be found 

* 

Death in case 2 was due to the ceiebial 
aitenosclerosis with psychosis and broncho- 
pneumonia The caidiac tumor, classified as 
myxosarcoma because of the cellulanty at its 
base, the mfilti ative tendency and the implants m 
the left ventncle, was merely a coincidental 
finding 

Case 3 — F C , a 35 year old white man, was ad- 
mitted to the Cedars of Lebanon Hospital Aug 17, 
1944 About three weeks earlier, while at work he 
observed bullous lesions of his hands developing, fol- 
lowed by a generalized pruritic erythematous macular 
eruption About two weeks later abdominal cramps 
and bloody diarrhea made their appearance, associated 
with nausea and vomiting 

Examination revealed verv severe shock, rapid respi- 
rations, stupor, abdominal tenderness and distention, 
and hemorrhagic pleural effusions Laboratorj tests 
showed evidence of extensive damage of the liver and 
the kidneys His course m the hospital was rapidly 
downhill, death occurring on the third hospital dav 
Autopsy (about fourteen hours after death) — The 
hemorrhagic ulcerative enteritis, the severe cloudy swell- 
ing of the liver and the kidneys and the hemorrhage 
of the skm and the lungs were suggestive of poisoning, 
probably industrial in origin Chemical examination 
revealed only slight amounts of cadmium in these 
organs The paralytic ileus with peritonitis and bron- 
chopneumonia were terminal complicating events 

The incidental observation of a tumor of the heart 
made this organ of special interest It weighed 380 Gm 
The external aspect was not remarkable On the right 
side of the interatrial septum, situated 1 cm above 
the obliterated foramen ovale yvas a pedunculated papil- 
larj tumor nodule 1 cm in diameter The tumor was 
tan, semitranslucent, with a fine fibrillar structure, and 
was attached to the endocardium by a thin delicate stalk 
The valve leaflets, the endocardium and the myocardium 
presented no abnormality 

Microscopic examination of the tumor revealed a 
villus structure covered bv a prominent layer of endo- 
thelium The stroma was homogeneous, relatively 
acellular and hyaline, m places deeply acidophilic and 
m part lavender A few' scattered small mononuclear 
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cells could be seen The lesion was classified as 
papillary myxoma 

COMMENT 

Historically, 3 Boneti in 1700 and Moigagni in 
1762 have both been ci edited with having been 
the first authors to describe primary tumors of 
the heart However, many pathologists believe 
that Albeis in 1835 leported the fiist authentic 
case of primary tumoi of the heart, fibroma, and 
that Bodenheimer 4 in 1865 described the first 
authentic primary sarcoma of the heart Much 
of the early difficulty m assigning these credits 
was due to the inability to distinguish convinc- 
ingly between a thrombus and a tumor 

Perlstem, 3 Goldstein, 5 6 Morns, G Yater 7 and 
more recently Strouse 2g have pi esented excellent 
reviews of the entire subject of primary tumor of 
the heart Briefly, it is stated that the site of 
tumor may be m practically any part of the heai t 
but that it is less frequently on a valve and most 
commonly m an atrium Apparently the tumor 
may be either single or multiple It is agreed 
that m all cases of tumor of the heait the neo- 
plasm is of mesoblastic origin and therefore it has 
been leported as myxoma, fibroma, lipoma, 
lymphangioendothelioma, hemangioendothelioma, 
leiomyoma, lhabdomyoma, rhabdomyosarcoma, 
leiomyosarcoma, fibrosaicoma and polymorphous 
cell saicoma According to Yater, 7 the primal y 
cardiac tumoi is cancerous m 17 8 pei cent of the 
cases, but more recently Larson and Sheppard 1 
calculated the incidence of cancer to be as high as 
29 per cent According to the literature, the dis- 
ease occurs twice as frequently among males as 
among females The .younger age group is 
chiefly affected, but ages have ranged from 10 
months s to 79 years 3 

Most authors reporting cases of tumor of the 
heait fail to make note of the incidence of the 
prnnai y tumor in their autopsy experience and 
those who do give widely divergent obseivations 
For instance, Shelburne 9 reports 3 cases of pn- 
mary caidiac tumoi among 1,200 autopsies at 
Bayloi University, an incidence of 0 25 pei cent 
while Lymburnei 8 found 4 cases among 8,550 
autopsies at the Mayo Clinic, an incidence of 
0 05 pei cent On the other hand, none was ob- 
served bj Scott and Garvin 10 in 11,000 autop- 

3 Perlstem, L Am J M Sc 156 214, 1918 

4 Bodenheimer, cited bv Larson and Sheppard 1 

5 Goldstein, H I New York M J 115 97 and 
158, 1922 

6 Morris, L M Am Heart J 3 219, 1927 

7 Yater, W M Arch Int Med 18 627, 1931 

8 Lwnburner, R M Canad M A J 30 368, 

1934 

9 Shelburne, S A (a) Ann Int Med 9 340, 1935, 
(b) Texas State J Med 31 433, 1935 

10 Scott, R W , and Garun, C F Am Heart T 

17 431 1939 


sies at the Cleveland City Hospital, and Pollia 
and Gogol 11 encountered not a single instance of 
caidiac tumor in the 12,000 autopsies at the 
Los Angeles County Hospital up to 1936 To 
date, practically 30,000 autopsies have been made 
at the last-named institution with the same nega- 
tive experience At the Cedars of Lebanon Hos- 
pital, appi oximately 1,550 autopsies have been 
made to date, m 3 of which primary tumoi of 
the heart was observed, giving an incidence of 
0 19 per cent This wide variation would sug- 
gest that perhaps estimates of the incidence of 
this disease are eironeous foi lack of a sufficient 
number of cases From 1938 to 1942, according 
to statistics of the American Medical Associa- 
tion, 11 there w^eie 480,331 autopsies m the United 
States During this period 8 cases of pnmaiy 
cardiac tumor w^ere lepoited If it could be 
assumed that all such cases noted at autopsy 
were leported, and from the unusual natuie of 
the lesion it appears quite likely they would be, 
the incidence wmuld be 0 0017 per cent, which 
seems more consistent with the ranty of the 
lesion This makes the occurrence of 3 instances 
of this laie condition at one institution within a 
short tune (2 on consecutive days and 1 nine 
months latei ) a sti iking coincidence 

As a rule, tumoi of the heart is not diagnosed 
clinically In patients, who have a pi unary can- 
cer elsewdiere and subsequently show signs of 
cardiac irregularity, metastatic tumoi of the 
heart has been diagnosed On the other hand, 
there aie many cases of metastatic tumor of the 
heart that piesent no electrocardiographic or 
clinical signs 10 How such experience may lead 
to inaccurate though logical diagnosis is exempli- 
fied in a case repoited by Beck and Thatchei 12 
Biopsy of metastatic tumors of the skin revealed 
spindle cell saicoma Later, when abnormal car- 
diac manifestations weie noted, a diagnosis of 
metastatic sarcoma of the heart was made At 
autopsy this was found to be primary sarcoma of 
the heart with generalized metastases 

Only 2 cases aie recoided m which pnmai y 
tumor of the heait was diagnosed befoie death 
Shelburne 9a cited Goettel 13 as having credited 
Pavlowsky 14 with being the first to make such a 
clinical diagnosis Howevei, Strouse, on review- 
ing Pavlowsky’s original ai tide, reported the 
citation to be erroneous In Pavlowsky’s case a 
correlation betw een the clinical and the postmoi - 
tern observations w^as made only after a peduncu- 

11 Pollia, J A, and Gogol, L J Am T Cancer 
27 329, 1936 

12 Beck, C S , and Thatcher, H S Arch Int 
Med 36 830, 1925 

13 Goettel, L Deutsche med Wchnschr 45 937 
1919 

14 Pa\ lowski , R Berl khn Wchnschr 32 393, 
1895 
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lated benign tumoi of the light atrium with 
stenosis of the tricuspid valve was demonstrated 
at autopsy 

Barnes and co-workers 15 m 1934 l eported the 
case of a 62 year old woman in which a diagnosis 
of primary sarcoma of the heart was made tenta- 
tively during life from the finding of a hemoi- 
rhagic pericardial effusion, an electrocardiogiam 
showing interference with the conduction system 
of the heart and a biopsy of a nodule in the 
shoulder girdle, diagnosed as metastatic saicoma 
At autopsy their contention was venfied by the 
observation of a tumor which lm olved the right 
ventricle and auricle, diagnosed as rhabdomyosar- 
coma 

Shelburne 911 deseives piaise foi the scholaily 
analysis that is contained m Ins case leport His 
patient, a 24 year old Negro man, complained of 
abdominal pam, distention, fainting spells and 
cough and presented signs of right-sided cardiac 
failure of sudden onset and pericardial effusion 
The diagnosis of primal y tumor of the heart was 
based on (1) signs of cardiac decompensation, 
(2) piesence of a serosangumeous pericardial 
effusion as shown by pericardial tap, with lapid 
recurrence, (3) absence of signs or symptoms of 
tuberculosis oi syphilis, (4) absence of signs of 
cancer elsewhere, (5) exclusion of lheumatic 
fevei and other infections by the natuie of the 
fluid and the absence of fevei and (6) exclusion 
of mpture of a cardiac aneuiysm oi a coronary 
vessel by a comparison of the erythrocyte count 
of the pericardial fluid with that of the peripheral 
blood After his diagnosis was lecorded, an 
electrocardiogram levealed a bundle blanch 
block At autopsy a tumoi n as found in the left 
atrium, infiltrating the atrior enti lcular septum 
half way to the apex of the heait, diagnosed as 
spindle cell sarcoma 

Whether or not primary tumoi of the heait 
can be diagnosed prior to death will depend cei- 
tainh on its ability to produce symptoms by in- 
terfering with the cardiac mechanism A small, 
slowly growing tumoi of a chambei of the heart, 
and m some cases a larger one in an “out of the 
way” position, would not be physiologically ap- 
parent A tumor on a valve, if sufficiently lai ge, 
could be expected to produce murmurs but, un- 
less thought of, ivould certainly be overlooked in 
the differential diagnosis A large tumor of an 
atrium with a ball and valve action in either the 
mitral or the tricuspid ring and with murmurs 
affected by a shift in the position of the body 
should certainly be amenable to clinical diagnosis 
if kept m mind In regard to cancer, the signs 
and symptoms most likely to be produced would 
be hemorrhagic pericardial effusions due to pen- 

15 Barnes, A R , Beaier, D C, and Snell, A M 
Am Heart J 9 480, 1934 


cardial involvement, mterfeience with the con- 
duction system from an infiltration of the myo- 
cardium murmurs when the valves are involved, 
and if the tumor is friable, distant metastases 
and possibly emboli At times the roentgeno- 
gram may be of assistance, particularly when a 
laige bulky tumoi produces gross changes m the 
shape of the heart or an intravenously injected 
ladio-opaque dye outlines the chambers of the 
heart All cardiac tumors are usuall} chaiac- 
terized clinically by a sudden onset of severe 
caidiac failure without any apparent etiologic 
or anatomic basis, and a fairly lapid downhill 
course Strouse’s case - >s of forty-thiee years’ 
duration is the longest on record 

SUMMARY 

Pnmaiy tumoi of the heait occurs infre- 
quently Only 163 cases have been reported to 
date Individual experience varies considerably, 
since some wdiose experience included as many 
as 30,000 autopsies have seen none whereas 
others have reported 3 cases of primary cardiac 
tumor among 1,200 autopsies When the 8 cases 
of cardiac tumor reported from 1938 to 1942 in 
this country are viewed against the backgiound 
of the national autopsy expenence of 480,331 
cases repotted by the Amencan Medical Associ- 
ation, 16 the incidence of primary tumor of the 
heart is 0 0017 per cent, assuming all cases to 
have been reported 

Of the 3 additional cases of pnmaiy tumor of 
the heart herewith reported, 2 -were instances of 
myxoma and 1 was a case of myxosarcoma In 
2 the tumor was silent, in the third it produced 
clinical signs and symptoms of tricuspid stenosis 

As a rule, pnmary tumor of the heart is clini- 
cally silent Only 2 cases aie on record which 
were diagnosed pi lor to death In both the tumoi 
was a cancer involving the conduction system 
and m both there was a hemoirhagic pericardial 
effusion In no case of benign tumor has the 
diagnosis been made befoie death 

The sudden onset of signs of cardiac decom- 
pensation m a young person without a preexist- 
ing history of cardiac disease, with no discover- 
able anatomic basis for the cardiac disease, a 
hemorrhagic pencaidial effusion, sometimes an 
involvement of valvular function oi of the con- y 
duction system and signs of valvular stenosis 
which change on motion of the body, as well as 
signs of mediastinal tumor with alteration of the 
appearance of the shape of the heart in the 
roentgenogram, should cause one to consider 
primary tumor of ~ the heart in the differential 
diagnosis of the _„aition under examination 

16 Necropsy Performance m Internship Hospitals, 

J A M A 110 974, 1938, 112 924, 1939, 114 1171, 
1940, 116 1068, 1940, 118 1065, 1942, 120 852, 1943 
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In iecent lepoits 1 ot esophageal carcinoma 
it has been suggested that these tumois are far 
more fiequent in white males, especially in those 
of Jewish extraction It is the purpose of this 
paper to pi esent the data from complete autopsies 
in 50 cases of esophageal caicinoma occurring 
m Negroes, Indians and mestizo persons of 
British West Indian and Panamanian races 

MATERIAL 

The material for this study was obtained from the 
autopsy records of the institution with which we are 
associated and includes 50 histologically proved cases 
of carcinoma of the esophagus in the races under study 
The basic data in these 50 cases are presented in tables 
1 and 2 

RESULTS AND COMMENT 

Foi statistical purposes the British West 
Indian and Panamanian autopsy populations can 
be considered here to be Negroes as shown by 
the finding of the sickling trait m 11 per cent 
of both races at autopsy 

Race, Sca and Age — The lacial distribution 
of esophageal carcinoma is shown in table 1 
The marked prepondeiance of Bntish West 
Indians is partially occasioned by the age group 
distnbution of the autopsy populations, 2 more 
than half of the Panamanian autopsy population 
falling into the group m which the ages are 
under 41 yeais, in conti ast to the British West 
Indian gioup The sex and the age incidence 
are consistent with other i eports 1 

Incidence — The percentage incidence for the 
entire 50 cases cannot be determined since some 
of these cases weie obtained from the autopsy 
index system and no information is available 
coiermg the entire autops} series in regard to 

1 Holhnger, P H, and Hare, H J Laryngoscope 
52 968, 1942 Vinson, P P Northwest Med 32 
320, 1933 Mathews, R W , and Schnabel, T G 
JAMA 105 1591, 1935 

2 Tomlinson, W J , and Wilson, L A , Jr Cancer 
Research, to be published 


the distribution by lace, sex and age How- 
ever, figures are available for a fifteen and a 
half year period In those statistics the British 

Table 1 — Data on the Distnbution by Race , Yet, Age 
Gioup and Locale and the Gioss Appeal ance 
of the Tmnoi in Fifty Cases of 
Esophageal Carcinoma 



Cases 

Race 

Bntish West Indian 

49 

Panamanian 

1 

Sex 

Males 

45 

Females 

5 

Age group 

21 to 30 

1 

31 to 40 

6 

41 to 50 

13 

51 to 60 

12 

61 to 70 

ri 

70 and over 

6 

Location oi tumor 

Upper third 

5 

Middle third 

25 

Lower third 

22 

Gross appearance 

Flat 

25 

Polypoid 

25 

Ulcerated 

46 

Diverticular 

2 

Submucosal extension 

14 

Gross penetration 

38 


West Indian male autopsy population totaled 
1,564, and of these 35, or 2 3 per cent, had eso- 
phageal carcinoma In the female autopsy popu- 
lation of 591 cases there were 5 cases of eso- 
phageal carcinoma or less than 1 per cent In the 
same statistics 197 British West Indian males 
had carcinoma, in 35, or 17 7 pei cent, of whom 
it was in the esophagus Similarly among the 
females there were 80 with carcinoma m 5, or 
6 3 per cent, of whom it was m the esophagus 
In the same statistics the cases of esophageal 
carcinoma in males were exceeded in number 
only by the cases of gastric carcinoma (20 per 
cent) and those of prostatic carcinoma (18 3 
per cent) 

Etwlogtc Fact oi s — No conclusive evidence 
concerning the etiologic agent, or agents, pro- 
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ducmg esophageal carcinoma was found There 
were no incidental ulcers of the esophagus in the 
entire series Leukoplakia was present in 2 
instances, with syphilis m 1 and with no demon- 


Table 2 — Autopsy Data m Fifty Cases of Esophageal 
Cat cvioma 


Cell t> pe 

Squamous cell carcinom 1 

18 

Adenocarcinoma 

2 

Grade of malignancy 

Grade l 

3 

Grade 2 

20 

Grade 3 

10 

Grade 4 

11 

Direct gross extension to 

Trachea 

33 

Mediastinum 

24 

Right bronchus 

17 

Left bronchus 

11 

Aorta 

10 

Right pleura 

10 

Left pleura 

S 

Stomach 

5 

Diaphragm 

4 

Larynx 

2 

Pericardium 

2 

Hemorrhage from erosion of 

Esophageal veins 

2 

Common carotid artery 

1 

Metastases to 

Lungs 

10 

Liver 

0 

Ribs and vertebrae 

*) 

Kidneys 

o 

Pancreas 

1 

Spleen 

1 

Peritoneum 

1 

Ly mph nodes 

Esophageal 

50 

Bronchial 

21 

Tracheal 

20 

Preaortic abdominal 

9 

Cervical 

4 

Thoracic vertebral 

4 

Gastric 

4 

Thoracic aortic 

o 

Supraclavicular 

2 


stiable evidence of syphilis in 1 Leukoplakia 
and syphilis have both been considered as pos- 
sible causative factors of esophageal carcinoma 
That syphilis may be a factor is strengthened by 


the piesence of definite clinical and autopsy evi- 
dence of syphilis in 26 instances, or 52 per cent, 
while m 22 cases, or 44 per cent, there was no 
evidence of this disease at the time of autopsy, 
and m 2 instances a decision could not be made 
The aveiage incidence of syphilis m the autopsy 
population undei consideration for a ten year 
period as detei mined by clinical and autopsy 
data was 8 7 pei cent 

In 2 cases the carcinoma was definitely recog- 
nized as having originated m a diverticulum, 
and it is possible that m cases of advanced oi 
peiforating caicmoma the neoplasm may have 
destroyed a preexisting diverticulum 

Pathologic Anatomy — The observations at 
autopsy m these cases are consistent with other 
lepoits dealing with laige series of cases, 1 and 
no detailed analysis of the material presented 
m tables 1 and 2 wall be made beyond calling 
attention to the constant involvement of the 
pen esophageal lymph nodes by the carcinoma 
m all cases 

SUMMARY 

In Bntish West Indian Negroes, carcinoma 
of the esophagus lanks third as to number of 
cases among all the types of caicmoma observed 
at autopsy 

Of the 50 pei sons with esophageal carcinoma, 
26 had clinical and autopsy evidence of syphilis 
and 22 had no lecogmzable syphilis A decision 
could not be made m regard to the lemammg 2 
The average incidence of syphilis in the entire 
autopsy population for the past ten years is 
8 7 pei cent 

In the 50 cases of esophageal carcinoma 
studied, the periesophageal lymph nodes were 
giossly invaded in eveiy instance 
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Much has been added to present knowledge 
of the mechanism of hypertension by the work 
of Goldblatt and his associates on the lenal 
ischemia produced by placing clamps on the renal 
arteries As Goldblatt 1 put it, “Whatevei may be 
the nature of the actual disturbance of hemo- 
dynamics which occurs in the human kidney, the 
seat of arteno and arteriolar sclerosis, a similar 
effect on hemorenal dynamics is probably pro- 
duced in animals by persistent constriction of 
the renal artery ” 

With regard to the causes of such hemody- 
namic disturbances, Longcope and Wmkenwer- 
der 2 and Weiss and Parker 3 and others have 
pointed out the importance of pyelonephritis 
However, there is no proof that pyelonephritis 
accounts for hypertension m more than a small 
fraction of the instances of this condition, and the 
actual cause of what has been called essential 
hypertension and of the renovascular changes 
associated with the late stages of the disease is 
unknown Christian 3 mentioned heiedity as a 
factor 

Some yeais ago G R Dick and I 4 called at- 
tention to hypei tensive renovascular disease fol- 
lowing scarlet fever Earlier we 5 had observed 
that the urine of patients with nonsuppurative 
nephritis frequently contained streptococci The 
urine of normal persons, on the othei hand, was 
either sterile or contained a few oigamsms which 
are common inhabitants of the normal urethra, 
namely, staph) lococci or diphtheroids We also 
observed that after acute disturbances of focal 
infection, such as the extraction of a tooth, the 

From the Frank Billings Medical Clinic of the 
University of Chicago 

1 Lewis, H A , and Goldblatt, H Bull New York 
Acad Med 18 459, 1942 

2 Longcope, W T , and Wmkenwerder, W L 
Bull Johns Hopkins Hosp 53 255, 1933 

3 Weiss, S, and Parker, F, Jr Medicine 18 221, 
1939 , cited In Christian, H A Osier’s Principles and 
Practice of Medicine, ed 15, New York, D Appleton- 
Century Company, Inc , 1943, p 937 

4 Dick, G F , and Dick, G R Scarlet Fever, 
Chicago, The Year Book Publishers, Inc , 1938, p 46 

5 Dick, G F , and Dick, G R J A M A 65 
6, 1915 


number of streptococci in the urme increased 
W e 0 showed that during the sevei e angina in 
scarlet fever green-forming streptococci fre- 
quently gamed entrance to the blood stream 
More recently, we 7 described arterial lesions fol- 
lowing the intravenous injection of streptococci 
in rabbits I have made cultures of the urine 
of patients with essential hypertension and of 
patients with acute and chronic glomerular 
nephritis with hypertension and have been im- 
pressed by the frequency with which streptococci, 
usually Streptococcus vindans, but sometimes 
hemolytic streptococci, were found in the urme 
even when urinalysis gave no indication of renal 
disease 

The reports of Richards, 8 O’Kell and Elliott,® 
Hopkins, 10 Deshon, 11 Murray and Moosnick, 1211 
Faillo, 13 Gudesteu Medeiros, 14 Geiger 15 and 
Murray and Moosnick 12b on artenal blood cul- 
tures all indicate that bacteria gam entrance to 
the blood stream fai more often than has been 
commonly supposed 

What is the result of the subjection of the body 
to constantly repeated invasion by bacteria in 
amounts insufficient to pioduce clinical evidence 

of infection 7 

It was to answer this question that the follow- 
ing work was undertaken 

EXPERIMENTAL PROCEDURE 

Streptococci from various sources were injected intra- 
venously into dogs over considerable periods The dogs 
selected for these experiments were young animals 
which could be trained to lie quietly on a board for 

6 Dick, G F , and Henry, G R J Infect Dis 15 
176, 1914 

7 Dick, G F , and Leiter, L Tr A Am Phy- 
sicians 51 87, 1939 

8 Richards, J H J A M A 99 196, 1932 

9 O’Kell, C C , and Elliott, S D Lancet 2 864, 
1935 

10 Hopkins, J A J Am Dent A 26 2002, 1939 

11 Deshon, R Bol Asoc med de Puerto Rico 32 
92, 1940 

12 Murray, M , and Moosnick, F J Lab & Clin 
Med (a) 26 382, 1940, (6) 26 801, 1941 

13 Faillo, PS J Dent Research 21 19, 1942 

14 Gudesteu Medeiros Brasil-med 56 33, 1942 

15 Geiger, A J J Am Dent A 29 1023, 1942 


81 



82 


ARCHIVES OF PATHOLOGY 


blood pressure tracings, thus making anesthesia unneces- 
sary The dogs were kept m cages and maintained on 
a diet of meat and dog chow for a time so that control 
mean blood pressures could be taken, urinalyses made 
and the blood urea and nonprotein nitrogen determined 
The blood pressure was recorded by means of a kymo- 
graph and a mercury manometer connected through a 
large glass cannula with a gage 18 needle, which was 
introduced by direct puncture into the femoral artery 
A 2 5 per cent sodium citrate solution was used as 
the anticoagulant in the system The blood pressuie 
tiacings were generally run ten minutes with each 
arterial puncture to allow the blood pressure to be 
stabilized All pressures have been recorded as the 
means of the systolic and diastolic pressures 
After the normal blood pressure of each animal had 
been established, the intravenous injections of strepto- 
cocci from various sources were started These in- 
jections were given for the most part five days in the 
week The amount injected depended on the condition 
of the animal An attempt was always made to give 
doses as large as could be injected without producing 
obviously harmful immediate effects Usually the in- 
jections were of twenty-four hour broth cultures of 
organisms, or if a good growth took longer to develop, 
older cultures were used 

Specimens of urine for cultures weie obtained under 
aseptic precaution by catheterization, and, in addition 
to plating, cultures were made by adding 2 cc of urine 
to 12 to 15 cc of ordinarv nutrient broth with a few 
drops of blood added 

EXPERIMENTS 

Case 1 — A W F was admitted to the urologic 
clinic of Albert Merritt Billings Hospital, April 1, 
1937 with the complaint of swelling of both 
feet Examination showed puffiness of the eyelids 
and pitting edema of both ankles The blood pressure 
was 172 systolic and 94 diastolic, the urine contained 
albumin (1 plus), occasional cellular casts, and 7 to 8 
red blood cells and 2 to 3 white blood cells per high 
power field, the blood urea clearance was 45, the 
urea content of the blood was 13 1 mg per hundred 
cubic centimeters, the Wassermann test was negative 
The patient gave a history of a sinus infection, with 
drainage and removal of nasal polyps two weeks before 
entering the hospital 

Cultures of material from the nose showed many 
hemolytic streptococci 

Oct 21, 1943 the patient again was seen in the 
urologic clinic, and the diagnosis of arteriosclerotic 
heart disease with hypertension was made His blood 
pressure was 175 systolic and 1 IS diastolic The urine 
showed no abnormality other than a trace of albumin 
Dog 31 (blood pressure 120, total nitiogen 9 98 Gm 
per liter , plasma protein 6 06 Gm , urea 17 2 mg and 
nonprotein nitrogen 28 mg per hundred cubic centi- 
meters) — This dog was given intravenous injections of 
broth cultures of hemolytic streptococci from case 1, 
starting April 14, 1937 The beginning dose was 50 cc 
The doses were increased to 100 cc and were injected 
five days a week until Oct 4, 1941 
June 14, 1937 the dog’s blood pressure had risen to 
172, October 21 the pressure was 148, Feb 16, 1938 
it was 161, March 14, 1939, it had risen to 176 At 
the next determination, Jan S, 1941, the pressure was 
170, March 17 it was 170, September 12, 170, October 
4, 190 Jan 13, 1942 the blood pressure was 190, 
February 12, 196, March 6, 190, April 9, 170 
The monthh urinalyses gave negatise results until 
Jan 19, 1938, when a benzidine test showed a trace of 
blood. Januarj' 27 the urine was normal, but February 


3 it showed a trace of albumin Thereafter it was 
normal at monthly examinations until Oct 9, 1939, 
when there was a trace of albumin At the monthly 
examinations thereafter it was normal until Aug 27, 
1940, when there was a trace of albumin, it was 
normal thereafter until Feb 14, 1941, when there was 
again a trace of albumin It was normal after this 
until April 4, 1941, when theie was a trace of albumin 
Some albumin was observed on several examinations 
after this, and on Nov 6, 1941 the albumin was 2 plus 

Chemical examination ot the blood June 10, 1937, 
Dec 6, 1937, April 28, 1938 and Feb 9, 1940 gave 
noimal results, but May 5, 1942, seven months after 
the injections weie discontinued, the dog became sick 
and chemical examination of the blood gave urea 314 
mg , nonprotein nitrogen 400 mg , albumin 4 39 Gm and 
globulin 4 44 Gm per hundred cubic centimeters 

The dog died at this time with pronounced uremia An 
autopsy was made four hours later 

The kidneys were contracted kidneys of the arterio- 
sclerotic type and together weighed 31 Gm The 
capsule stripped with difficulty, being adherent through- 
out The cortex was narrow and light in color The 
heart was large and weighed 87 9 Gm without the 
contained blood The wall of the left ventricle measured 
7 to 9 mm in thickness , that of the right ventricle, 2 to 

4 mm The aoita and the coronary arteries showed no 
gross change The lungs, the liver and the spleen 
showed no gross change There was some light hemor- 
lhage throughout the gastrointestinal mucosa 

Microscopically, the alterations were most pronounced 
in the renal cortex There was an increase of fibrous 
tissue throughout the coitex, especially surrounding 
the glomeruli, the tufts of which were largely replaced 
bv hyaline material and connective tissue Blood vessels 
were thickened, and there were large areas showing 
Ij mphocytic infiltration 

Suvtmaiy — Dog 31, with normal blood pressure and 
normally constituted blood, received intravenous in- 
jections of broth cultures of streptococci, a total of 
32 liters, from April 14, 1937 to Oct 4, 1941 Hyper- 
tension developed m three months after the first in- 
jection Five and one-half years after the first injection 
and seven months after the last injection the dog died 
of uremia with the arteriosclerotic type of contracted 
kidneys 

Case 2 — F H S , aged 42, entered the hospital 
Sept 15, 1941, complaining of disorientation, inability 
to talk, dyspnea on exertion and subcutaneous hemor- 
lhages The blood pressure was 210 systolic and 140 
diastolic The heart was 45 per cent oversize The 
urine contained albumin (2 plus) and showed a hyaline 
cast, an occasional red blood cell, and 5 to 6 white blood 
cells per high power field Str viridans was demon- 
strated m the catheterized urine on culture The 
Wassermann reaction was negative The blood urea 
was 14 5 mg per hundred cubic centimeters The blood 
urea clearance was 41 The diagnosis was malignant 
hypertension with some degree of cardiac failure 

Dog 92 (blood pressure 105, weight 10 2 Kg , urine 
normal) — This dog was given intravenously five times 
a week broth cultures of Str viridans from the urine 
of case 2 from Nov 11, 1941 to Jan 2, 1942 This dog 
received a total of 2 56 liters The urine on monthly 
examination remained normal The course of the blood 
pressure is shown in figure 1 Fifteen months after 
the first injection the left ikidney was removed for 
examination It weighed 28 Gm and was a trifle 
lighter m color than normal The capsule stripped 
readily except m a few places The surface of the 
kidney showed a few arteriosclerotic depressions Micro- 
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scopically, there was a slight but distinct increase in 
connective tissue in the blood vessels and especially in 
the glomerular capsules 

Case 3 — D B , aged 51, entered the hospital Sept 
3, 1942, complaining of driving pain in the back of the 
neck and head of three weeks’ duration This came on 



Fig 1 — Blood pressure of dog 92 determined monthly 


from 50 cc to 100 cc From Sept 25 to Dec 10, 
1942, the dog received a total of 2 93 liters of the 
broth cultures intravenously October 20 the blood 
pressure had nsen to 146, November 29, to 166 Feb 
18, 1943 the blood pressure was 140, March 18, 174, 
April 9, 180 The blood urea Nov 18, 1943, seven 
months after the kidney was removed, was 9 9 mg per 
hundred cubic centimeters The urine showed no 
abnormality on monthly examination 

April 12, 1943 the left kidney was taken out for 
examination It weighed 27 Gm and was normal 
except for two small areas that looked like retention 
cysts, about 1 mm in diameter Microscopically, it 
showed no abnormalities which could be made out on 
staining with hematoxvhn and eosm, van Gieson or 
azan stains 

Dog 147 repiesents what might be called essen- 
tial hypertension, dog 92, hypertensive vasculai 
disease with relatively slight arteriosclerotic 
changes in the kidney, dog 31, death from uremia 
with the arteriosclerotic type of contracted kid- 
neys Photomicrographs of these kidneys (figs 
2, 3 and 4) show the progressing changes in 
the microscopic appearance of the kidneys 



Fig 2 — Photomicrograph of kidncv of dog 147 showing no abnormality, X 250 


suddenlj after he had bowled four games The blood 
pressure was 230 systolic and 120 diastolic The urine 
showed no abnormalities Str viridans was isolated 
from the urine on cultuie The diagnosis was hyper- 
tensne vascular disease 

Dog 147 (blood pressure 136 , urine normal) — Broth 
cultures of Str viridans from case 3 were injected 
intravenously five davs a week in amounts increasing 


Casf 4 — J B , aged 38, had hypertensive cardio- 
vascular disease The blood pressure was 157 systolic 
and 118 diastolic Urinalysis gave normal results The 
blood urea was 212 mg per hundred cubic centimeters 
The blood urea clearance was 53 

Dog 93 — Str viridans was isolated from the catheter- 
lzed urine in case 4, and broth cultures were injected 
into dog 93 in amounts gradually increased to 100 cc 
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•^ 5 S 4 — Photomicrograph of hidnej of dog 31 showing the histologic picture of contracted kidney* X 250 
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a day The injections were continued as shown in 
figure 5 In three months the blood pressure had 
risen from 125 to 155 and in five months it had risen 
to 190 

Dog 160 — This animal received intravenous injections 
of cultures of the same organism, as dog 93, in ap- 
proximately the same dosage Its blood pressure re- 
mained normal for six and one-half months, when the 
blood pressure rose to 170 

Case 5 — E W M , aged 63, had hypertensive cardio- 
\ascular disease and arteriosclerotic heart disease The 
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Fig 5 — Blood pressure of dog 93, determined monthly 
The total amount of broth culture injected up to each 
date is given above 

blood pressure was 236 systolic and 148 diastolic The 
urine contained albumin (3 plus), hyaline and granular 
casts, an occasional red cell and 4 to 5 white blood cells 
per high power field The blood urea was 11 mg per 
hundred cubic centimeters The blood urea clearance 
was 28 Str viridans was isolated from the catheterized 
urine 

Dog 125 — Broth cultures of the organism isolated in 
case 5 were injected intravenously into this animal, and 
the blood pressure rose from 120 to 155 in one and one- 
half months and to 180 in five months 

Case 6 — P R, aged 16, had acute glomerular 
nephritis The blood pressure was 120 systolic and 
70 diastolic The urine contained a trace of albumin 
and hyaline and granular casts Str viridans was 
isolated from the catheterized urine 

Dog 36 — Broth cultures of the streptococcus from the 
urine m case 6 were injected in increasing amounts up 
to 100 cc a day The blood pressure of the dog rose 
irom 105 to 154 in three and one-half months It rose 
to 160 in six months, and m the seventh month the dog 
died of pneumonia The kidney showed slight arterio- 
sclerotic scarring of the surface 

Case 7 — D H T, aged 25, was given a diagnosis 
of acute nephritis and acute pansinusitis The blood 
pressure was 116 systolic and 50 diastolic The 
urine contained albumin (2 plus), hyaline and granular 
casts, many red cells, and 10 to 12 white cells per high 
power field The patient had some fever, the tempera- 
ture rising to 100 F Hemolj tic streptococci vvei e 
present in the discharge from the nose The blood urea 
was 23 mg per hundred cubic centimeters The urea 
clearance was 18 Str viridans was isolated from the 
catheterized urine 


Dog 66 — This animal was started with a whole 
broth culture of the hemolj tic streptococci from the 
nose and throat m case 7, given m amounts increased to 
100 cc , and later this culture was lost The injections 
were continued with cultures of the greening strepto- 
cocci from the urine, as shown in figure 6 The blood 
pressure rose from 110 to 160 in twenty months The 
dog died at the end of twenty-eight months On post- 
mortem examination there were some infarcts in both 
kidneys, and the cortex was thm and in part swollen 
with petechial hemorrhages The capsule stripped with 
some difficulty, leaving an irregular surface, mottled 
brownish gray and yellow The kidneys weighed to- 
gether 55 5 Gm There were some areas resembling 
plaques of fibrous pericarditis (soldier spots) in the 
pericardium, and there was some hemorrhage in the 
heart muscle of the left ventricle The heart weighed 
94 Gm The liver was verj r light in color 
Case 8 — J R G , aged 2, suffered from a condition 
diagnosed as acute nephritis following tonsillitis The 
blood pressure was 130 systolic and 77 diastolic Str 
viridans was isolated from the catheterized urine The 
organism produced considerable hemolysis in contrast 
to other organisms described 
Dog 158 — The dog was given intravenous injections 
of the streptococci isolated m case 8 After receiving 
only 60 cc in three injections the blood pressure rose 
from 130 to 170 m nine days 
Case 9 — B B, aged 63, was given a diagnosis of 
hypertensive cardiovascular disease with aortic stenosis 
The blood pressure was 220 systolic and 130 diastolic 
The blood urea was 9 4 mg per hundred cubic centi- 
meters The urea clearance was 62 The urinalysis 
gave negative results Str viridans was isolated from 
catheterized urine and, like the streptococcus isolated 
in case 8, produced a wide zone of hemolysis as well 
as greening 
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Fig 6 — Blood pressure of dog 66 determined monthly 
The total amount of broth culture injected up to each 
date is given above 

4 

Dog 155 — This dog, weighing 6 2 Kg, received 
intravenous injections of a broth culture of the strepto- 
coccus from the urine in case 9 The blood pressure 
rose from 135 to 150 one jear afterward, and the dog 
died ten dajs later, three months after the last injection 
The kidneys weighed 42 Gm together They were 
lighter in color than normal, and they had many arterio- 
sclerotic depressions on the surface, but the capsule 
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stripped readily The cortex was not perceptibly nar- 
rowed Hemolyzmg, green-forming streptococci were 
grown from the kidney in pure cultuie 

Microscopically, there was not much change but there 
were areas of extensive plasma cell infiltration, some 
thickening of the arterioles and congestion of the 
glomeruli, with some red cells in Bowman’s capsule 
The cause of death in the animal was not clear It 
was a pup about 4 months old when the injections were 
started 

C \se 10 — R S , aged 57, had a diagnosis of coronary 
arteriosclerosis The blood pressure was 148 systolic 
and 94 diastolic The urinalysis gave negative lesults 
A hemolytic streptococcus was isolated from the throat 

Dog 101 — A broth culture of the hemolytic strepto- 
coccus isolated from the throat in case 10 was injected 
into this dog In two months the blood pressure rose 
from 120 to 150, and two years later it was 160, three 
years later it was 185 

Sumirn of Further Experiments — Dogs 109, 
1, 174 and 168 were all given injections of cultures of 
hemoljtic streptococci from the throats of patients 
with glomerular nephritis Further details will not be 
given in order to save space The blood pressure of 
dog 109 rose from 120 to 165 in one month and to 185 
in one year Injections were given at intervals from 
Jan 5, 1942 to July 20, 1944 Dog 1 received injections 
from Feb 11, 1935 to Feb 1, 1939 and again from 
Aug 26, 1940 to Feb 8, 1941, when he died The 
blood pressure remained normal for four years and 
then rose to 150, eight months later it was 170 At 
postmortem examination the dog was found to have 
endocarditis with vegetation along the entne mitral 
valve and hemorrhages in the myocardium The kid- 
neys showed embolic nephritis superimposed on an 
arteriosclerotic condition There were hemorrhages m 
the mucosa of the gastrointestinal tract The thoracic 
and abdominal portions of the aorta were noimal 
Hemolytic streptococci weie isolated from the cardiac 
valve 

The blood pressure of dog 174 rose from 120 to 165 
in two and one-half months The blood pressure of dog 
168 rose from 130 to 150 in six months 

In the experiments described all cultures were ob- 
tained from patients with renal-vascular disease That 
streptococci from other sources act in a similar manner 
is shown by the following experiments 

Dog 104 was given injections of liemolvtic strepto- 
cocci from a patient with uncomplicated scarlet fever 
After two months the blood pressure rose from 110 to 
142 and in a year to 176 The dog died twenty-two 
months after the first injection and on autopsy showed 
bacterial endocarditis with embolic nephritis 

Dogs 135 and 105 were given injections of strepto- 
cocci from 2 patients with erysipelas The blood 
pressure of dog 105 rose from 130 to 150 in two months 
and to 160 in three months The dog died in ten 
months, and at autopsy bacterial endocarditis was 
observed along with hemorrhagic pericarditis The 
blood pressure of dog 135 rose from 120 to 140 in two 
months and to 155 in six months The animal died 
eleven months after the first injection The autopsy 
showed early bacterial endocarditis with embolic 
nephritis 

On account of the frequency with which hvpertension 
follows chronic pyelonephritis, dogs 111 and 120 were 
given injections of colon bacilli The blood pressure 
of dog 111 rose from 120 to 160 in one month and 
reached 184 m eleven months The dog died seventeen 
months after the first injection The autopsy showed 
hemorrhages in the peritoneal coat of the colon The 


kidneys weighed 50 Gm togethei The capsule could 
not be stripped without pulling with it part of the 
cortex and leaving an irregular surface The heart 
weighed 70 Gm and except for a pale myocardium 
showed no other change The aorta was normal 
Microscopically, the kidneys showed an increase in the 
fibrous tissue with some hyaline change Many of the 
glomeruli were shrunken and contained what was 
probably albuminous material within Bowman’s capsule 
Pyelitis was present, and a large amount of infiltration 
with round cells Many of the tubules were dilated 
and contained either h> aline or granular casts The 
increase in fibrous tissue, however, was more apparent 
between the tubules and surrounding the glomeruli 
than within the walls of the arteries, which appeared 
to be normal 

Dog 120 was given injections of the strain of colon 
bacilli used m dog 111 In one month the blood pressure 
rose from 120 to 140, m twelve months, to 150 The 
dog died in twenty months after the first injection No 
one was available to make the postmortem examination, 
but the kidneys were well preserved in Zenker’s solution 
Microscopically, there was considerable round cell 
infiltration surrounding the smaller blood vessels, and 
in some areas there was considerable increase in fibrous 
tissue Pyelonephritis was present, similar to that found 
in dog 111 There was, however, some thickening of 
the walls of the arterioles in this kidney 

Dog 113 was given intravenous injections of a strain 
of Str viridans isolated from the blood of a patient 
with subacute bacterial endocarditis In one month 
the blood pressure had risen from 135 to 160, in ten 
months to 190, in two years to 196 Although injections 
were stopped after six months, the lowest monthly blood 
pressure obtained was 170 

Dogs 64 and 96 were both given intravenously a 
culture of staphylococci from a postoperative suppura- 
tion The blood pressure of dog 64 rose from 100 to 
145 m eight months and m nine months to 155 The 
dog died m fifteen months, one day after the last injec- 
tion, after receiving a total of 8,340 cc of broth cultures 
of staphylococci The autopsy showed petechial hemor- 
rhages throughout the bowel and m the endocardium 
Duodenal ulcers were present The kidneys were some- 
what light in color, the capsule stripped with some 
difficulty, and some of the cortical tissue was removed 
with it 

The blood pressure of dog 96 rose m one month from 
130 to 160, in ten months to 165, m thirteen months to 
180 From that time the monthly variations were large, 
with the pressure as low as 130 m one instance and 
150 in several instances, m three years it was 180 
This dog is still alive The total amount injected was 
5,430 cc 

It is apparent, then, that the intravenous injec- 
tions of streptococci m dogs is followed by a rise 
in then blood pressure and that this happens 
whether the streptococci are isolated from pa- 
tients with hypertension or from patients with- 
out hypertension or are from stock cultures It 
happens with green-formmg streptococci, with 
hemolytic streptococci, and with streptococci pi o- 
ducmg both greening and hemolysis on blood 
agar plates How many other varieties of bac- 
teria may produce hypertension in dogs we do 
not know Forsbeck 16 stated that hypertension 

16 Forsbeck, F C Science 80 478, 1934 



DICK— EXPERIMENTAL HYPERTENSION 


87 


is more likely to occur m typhoid carriers than 
others of the same age Injections of colon 
bacilli were followed by hypertension as de- 
scnbed Howevei, the lesions in the kidney were 
somewhat difteient from those produced by 
streptococci, especially in that pyelonephritis was 
present With injections of staphylococci, also, 
hypertension was pioduced With organisms 
other than Str -undans, the pathologic picture 
produced is likely to be more complicated, and 
failure to produce hypertension is more common, 
owing to the fact that the animal dies shortly 
after the beginning of injections either from 
toxic effects or septicemia and pyemia with or 
without endocaiditis In general it seems easier 
to produce uncomplicated hypertension with less 
virulent organisms, since it is difficult to regu- 
late the dose of the more virulent organisms so 
as to avoid fatal disease before or after hyper- 
tension has time to develop Most commonly 
these fatalities were observed with organisms 
from subacute bactenal endocarditis 

It is of interest to note that in 9 dogs with 
hypertension the average weight of the heart was 
8 51 Gm pel kilogram of body weight, whereas 
the average weight of the heart m normal dogs 
was 7 25 Gm per kilogram 
That hypertension does not invariably follow 
intravenous injections of streptococci, even when 
the organisms are gnen m doses which do not 
cause these complications, is shown in dog 91 
This dog was given injections of the same culture 
and at the same time as dog 92 While the blood 
pressure rose in dog 91 to 140, it never went 
highei, and at the end of three years and four 
months the dog died At autopsy the kidneys 
weighed 67 Gm They showed increased consis- 
tency and weie lighter m color than normal The 
capsule when snipped left a distinctly granular 
surface, with the nodules making up the surface 
varying in size to that of a rice gram The heart 
weighed 81 Gm Microscopically, the changes 
m the kidneys weie similar to those described 
in the biopsy specimen of the kidney of dog 92 
Figures 2 and 7 show the difference of the varia- 
tions in blood pressure of these two animals 
In 8 other instances dogs received the same 
injections of streptococci as did others m which 
hypertension developed, and m the case of both 
green-forming and hemolytic streptococci no 
hypei tension followed, although slight arterio- 
sclerotic changes in the kidney were observed m 
4 It is possible that m some of these dogs 
hypertension would have developed latei 
The failure to produce hypertension in such 
instances gives rise to the question whether the 
increases in the instances m which the blood pres- 


sure did rise after injections of stieptococci were 
coincidences and represented spontaneous in- 
creases which would have occurred in the dogs 
whether bactenal injections were made oi not 
The question is the more pertinent because the 
percentage of dogs found with spontaneous hypei - 
tension is considerable However, of the total 
number of dogs given injections in which imme- 
diate death, endocarditis, septicemia oi othei 
reasons prevented any chance of hypertension 
following, 31, or 73 4 per cent, presented hypei - 
tension, and 11, or 26 2 per cent, did not More- 
over, in selecting dogs for this work, of 99 dogs 
examined, only 20, or 20 2 per cent, had to be 
discarded on account of hypertension 

On account of this fact, it seems leasonably 
certain that the injections caused the following 
hypertension It is not unlikely that the hyper- 
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Fig 7 — Blood pressure of dog 91, determined monthly 


tension that occurred spontaneously m our dogs 
may have been due to infections Many of the 
animals were found to have hemolytic strepto- 
cocci in the throat, and it is well known that 
dogs frequently suffer from hemolytic strepto- 
coccic tonsillitis 

The next question arising is Would the 
hypertension following injections of bioth cul- 
tures have occurred had broth alone been used ? 

As long ago as 1913 Longcope 17 described 
lenal lesions following injections of horse serum 
and egg albumin m dogs and rabbits These 
lesions showed round cell infiltration, degenera- 
tion and connective tissue proliferation 

Dogs 161, 167 and 173 were given injections of 
sterile broth identical with that used m making 
the broth cultures employed in the preceding 
experiments , the same technic was used, but the 
broth was injected m larger quantities Dog 161 

17 Longcope, W T J Exper Med 18 678, 1913 
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lecened 7,000 cc of broth intravenously ovei a 
period of thirteen months The initial blood pres- 
sure was 130 The blood pressure rose in five 
months to 160 but in eight months moie was 
only 145 

Dog 167 leceived 6,190 cc of bioth intra- 
venously m ten months At the tune the injec- 
tions weie staited the blood piessure was 140 
It did not rise above this point, and ten months 
later was 135 

Dog 173 received 7,380 cc of bioth over a 
period of ten months The blood pressure rose 
fiom 125 to 155 m this tune 


It will be seen that while some rise m blood 
piessuie occurred following mtiavenous injec- 
tions of broth, it was not great in degree, although 
large quantities of bi oth w^ere used over a period 
in which much higher piessures were produced 
with smaller amounts of bacterial cultures 

CONCLUSION 

Hypertensive states comparable to essential 
hypertension and hypertensive renovascular dis- 
ease m man have been produced m dogs by intra- 
venous injections of stieptococci and other 
bacteria 



OSSIFIED CARTILAGE WITH MYELOID FAT MARROW IN 
THE AORTIC RING OF A RABBIT 


W C HUEPER, MD 

NEW \ORK 

Vanzetti 1 and Huepei 2 have recoided the advanced age Hueper 4 recently lecoided the 

relatively frequent occurrence of hyaline carti- occuuence of bone with myeloid maiiow m a 

laginous plates of the aortic ring m rabbits cartilaginous focus at the base of the aoita of a 

They considered these formations as the result dog 

of nonnoplastic metaplasia of fibrous tissue The piesent report deals with a similai lesion 
Dratschinski 3 made similar observations but m the aortic l mg of a l abbit which had i eceived 

regai ded the formations as pathologic leactions in its daily diet 0 25 Gm of cholesteiol m oil and 



A focus of cancellous bone surrounded by traces of cartilaginous tissue m the aortic ring of a rabbit In 
the bone note marrow cavities filled with fat tissue and a scattering of immature myeloid cells 


The presence of cartilaginous plates m the aortic 
ring has been lepoited in other species, such as 
mice, lats, sheep, buffaloes, horses, turtles, alli- 
gators and chickens (Hueper 2 ) Enchondral 
ossification of these foci w'as seen in sheep of 

From the Warner Institute for Therapeutic Re- 
search 

1 Vanzetti, F Arch ital de biol 56 265, 1911 

2 Hueper, W C Arch Path 27 466, 1939 

3 Diatschinshi, cited bi Gruber 7 


10 cc of a 1 pei cent aqueous solution ot the 
detei gent Ti iton K-60 4a The aoi ta of this animal 
showed m the mtima numerous cushions of foam 
cells and in the aortic ring a large focus of 
cancellous bone surrounded b> tiaces ot caiti- 
lagmous tissue The marrow canties of the 
bone were filled with fat tissue containing a 

4 Hueper, W C J Am Vet M A 101 493, 
1942 

4a Triton K-60 is cet\ ldimeth\l benz\hmmonium 
chloride (Rohm & Haas Co, Inc) 

S9 
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model ate scattering of immature myeloid cells 
(figuie) 

This observation is of interest not only because 
of its rarity but also because cartilaginous and 
osseous tissue with myeloid marrow occurs m the 
walls of sclerotic aortas and arteries of rabbits 
and man Harvey 5 recorded the presence of 
osseous tissue with marrow in the abdominal 
aorta of the rabbit following the painting of the 
outside of the vessel with a 3 per cent solution 
of silvei nitrate or a 2 pei cent solution of 
coppei sulfate Seegal and Seegal 6 noted the 
spontaneous foimation of bone and marrow m 
the aorta of a rabbit The incidence of myeloid 
tissue m aortic lesions of this type seems to be 
low, as cartilaginous foci in the aortic media are 
not infrequent in spontaneous arteriosclerosis in 
i abbits 7 and have been observed in the medial 
aortic lesions of rabbits induced by the injection 
of epinephrine hydrochloride 8 

While ossification of calcified foci in the mtima 
and the media of the sclerotic aorta and of the 
femoral, carotid and uterine arteries in man is 
not unusual, 9 the presence of myeloid tissue in 

5 Haney, W H J M Research 17 1, 1907 

6 Seegal, B C , and Seegal, D Arch Path 3 73, 
1927 

7 Gruber, G B Virchows Arch f path Anat 
275 541, 1930 

8 Miesowicz, E Centralbl f allg Path u path 
Anat 18 8, 1907 Erb, W Arch f exper Path u 
Pharmakol 53 173, 1905 Trachtenberg, M A 
Centralbl f allg Path u path Anat 17 611, 1906 
Otto, C Virchows Arch f path Anat 203 352, 
1911 Studzmski, cited by Gruber 7 

9 Monckeberg, I G Virchows Arch f path 
Anat 167 191, 1902 Sappmgton, S W , and Fisher, 
H R Arch Path 34 989, 1942 Cohn, cited by 
Gruber 7 Huebschmann, P Beitr z path Anat u 
z allg Path 39 119, 1906 Weizmann, M Systemati- 
sclie histologische Untersuchungen uber den Ductus 
resp das Ligamentum Botalli lm Anschluss an einen 

Fall von Verknorpelung des letzteren, Inaug Dissert, 

Zurich, A Schereschewsky, 1911 Jores, L Arterien, 
in Henke, F , and Lubarsch, O Handbuch der 
speziellen pathologischen Anatomie und Histologie, 


such lesions is appaiently infrequent 10 Freuden- 
stem loa asserted that the appeal a,nce of hemato- 
poietic tissue in the calcified vascular wall de- 
pends on the development of vascular structures 
invading the calcified matter The myeloid tissue 
derived from these vessels precedes the ossifi- 
cation Cartilaginous tissue either alone or in 
connection with osseous tissue is rarely encoun- 
tered m the walls of human artenes and in those 
animals other than l abbits 11 

SUMMARY 

Metaplastic transformation of a cartilaginous 
plate in the aortic ring of a rabbit into cancellous 
bone with myeloid tissue was observed 

Berlin, Julius Springer, 1924, vol 2, p 639 Kauf- 
mann, E Lehrbuch der speziellen pathologischen 
Anatomie, ed 7 and 8, Berlin, Walter de Gruyter & 
Co , 1922, vol 1, p 78 Wolkoff, cited by Nieberle, K 
Verhandl d deutsch path Gesellsch 25 291, 1930 
Rohmer, P Virchows Arch f path Anat 166 13, 
1901 Ceelen, cited by Ropke Kim Wchnschr 11 
921, 1932 Bunting, C H Folia haemat 3 244, 1906, 
J Exper Med 8 365, 1906 Burger, L , and Oppen- 
heimer, A J Exper Med 10 354, 1908 Howse, 
H G Tr Path Soc London 28 90, 1877 Marchand, 
M , in Eulenburg, A Real-Encyclopedie der gesamten 
Heilkunde, ed 3, Leipzig, Urban & Schwarzenberg, 
1894, vol 2, p 203 Orth, J , Lehrbuch der speciellen 
pathologischen Anatomie, Berlin, A Hirschwald, 1883, 
vol 4, p 225 Bensen, G Beitrage zur Kenntnis von 
der heteroplastischen Knochenbildung, Inaug Dissert , 
Gottingen, 1898 O’Brien, L J Ueber Verknoch- 
erungsvorgange in den Arterien, Inaug Dissert , Wurz- 
burg, C J Becker, 1902 Poscharissky, cited by Gruber 7 

10 (a) Borchardt, H Virchows Arch f path 

Anat 259 373, 1926 ( b ) Edelmann, A ibid 266 

51, 1927 (c) Thiersch, H Beitr z path Anat u z 

allg Path 96 147, 1935-1936 (d) Freudenstein, M 

Frankfurt Ztschr f Path 2 591, 1909 (c) Rosenstem, 

P Virchows Arch f path Anat 162 100, 1900 

11 Marburg, O Centralbl f allg Path u path 
Anat 13 300, 1902 Lillie, R D Arch Path 18 
710, 1934 Spiegl, A Virchows Arch f path Anat 
231 224, 1911 



EFFECTS OF AN ABORTIFACIENT PASTE (“UTRA-JEL”) 

REPORT OF A DEATH FROM ITS USE AND OF AN EXPERIMENTAL 
STUDY Or ITS EFFECTS ON RABBITS AND RATS 

R STRAUS, M D , and N De NOSAQUO, M D 

LOS ANGELES WASHINGTON, D C 


The use of aboi tifacient pastes to produce 
abortion, as contrasted with other methods, is 
relatively uncommon Except foi an occasional 
editorial comment 1 and isolated reports , 2 infor- 
mation concerning the morbidity and the mor- 
tality resulting from the use of such pastes has 
not received much attention m the American and 
British medical literature In the German litera- 
ture extensive reports have appeared, concerned 
chiefly with deaths fiom peritonitis, intravascular 
hemolysis and air and fat embolism following the 
use of such pastes as “Interiuptin,” Leunbach’s 
paste, “Interfenn” and “Provokol ” 3 

REPORT or A CASE 

E M , a 22 year old white woman, about six weeks 
pregnant, was made to abort by a phjsician who intro- 
duced an abortifacient paste into the uterus twice at a 
two day interval That an abortifacient paste was used, 
however, was not known until after the official investi- 
gation The patient began to bleed from the vagina 

This studj was supported by the Zeiler Memorial 
Research Fund, aided in part by grants from Mr J 
Copeland and Mr B Oberstein 

From the Laboratories of the Cedars of Lebanon 
Hospital, Los Angeles (Dr Straus), and the Food 
and Drug Administration, Federal Security Agency 
Washington, D C (Dr De Nosaquo) 

Dr G A Granger made the original investigations 
in this field for the Federal Security Agency in con- 
nection with the enforcement of the Federal Food, 
Drug and Cosmetic Act 

1 Abortifacient Pastes, report of Bureau of Inves- 
tigation, J A M A 98 2155, 1932, Interferin, Queries 
and Minor Notes, ibid 105 1210, 1935 , Abortion and 
Leunbach’s Paste, editorial, ibid 111 535, 1938 , Aborti- 
facient Pastes, editorial, ibid 115 221, 1940, Abortion- 
ists Sentenced, Medical N ews (Minnesota), ibid 115 
227, 1940 

2 Ridell, G A J Obst & Gjnaec Brit Emp 
39 1, 1932 D’Amour, F E , and Kiven, N Am J 
Obst &. Gynec 29 503, 1935 Weilerstein, R W 
J A M A 125 205, 1944 

3 Wolfe, H Monatschr f Geburtsh u Gjnak 
88 442, 1931 Pankow and Pfleiderer Zentralbl f 
Gjnak 56 865, 1932 Sellheim, Weischsel, Kustner, 
Schweitzer and Vogt ibid 56 750, 1932 Engelmann, 
F Deutsche med Wchnschr 58 166, 1932 Wagner, 
G A Monatschr f Geburtsh u Gjnak 90 445, 1932 
Engelmann, F Zentralbl f Gjnak 56 119, 1932 Sell- 
heim, H Monatschr f Geburtsh u Gynak 90 441, 
1932 Leunbach, J H ibid 90 446, 1932 Otto, K. 
Zentralbl f Gjnak 56 112, 1932 Brach, E ibid 
56 122, 1932 


twenty-four hours after the second injection The 
following day nausea, vomiting and generalized ab- 
dominal pain developed, which ultimately localized in 
the right lower quadrant of the abdomen 

She was admitted to a hospital on the fifth day of 
illness The body temperature was 100 4 F She ap- 
peared toxic and presented signs of peritonitis in the 
low'er portion of the abdomen She was treated with 
repeated blood transfusions and sulfathiazole for the 
infection, with morphine for the pain and with general 
supportive measures Later pyuria developed, followed 
by urinary retention Abdominal distention was also 
present A mass gradually developed m the left low'er 
quadrant of the abdomen This suddenly decreased m 
size w’hen an abscess ruptured spontaneously into the 
rectum on the forty-second da}' in the hospital On the 
fortj -fifth day in the hospital laparotomy revealed that 
the entire pelvis was filled with a hemorrhagic and 
pui ulent exudate Her course in the hospital was down- 
hill and was characterized by a high spiking tempera- 
ture Death occurred on the fifty-sixth day m the 
hospital 

Autopsy — Because of the homicidal aspects of the 
case, the body was brought to the coroner’s office of 
Cuyahoga County in Ohio, where the autopsy was 
made by one of us (R S ) The body w r as moderately 
emaciated The incision in the abdomen was partially 
healed in the upper half and infected in the lower half 
The labia were edematous The gastrointestinal tract 
was distended, and loops of small intestine m the lower 
half of the abdomen were adherent Between the loops 
were pockets of purulent and hemorrhagic exudate 
Approximately 500 cc of firm blood clot and purulent 
exudate filled the pelvis A perforation, 2 cm in 
diameter, passed from the cul-de-sac into the rectum 

The organs revealed no significant abnormality apart 
from the genitourinary system The ureters w r ere 
slightly constricted at their low'er ends, owing to the 
local inflammation, they and the renal pelves were 
moderatelj r dilated and hyperemic The kidneys w'ere 
slightly enlarged and show'ed severe ascending pj'elone- 
phritis 

The uterus was small but soft The inner surface 
was greenish gray and irregular The myometrium was 
similarly discolored and edematous Near the right 
cornu of the fundus was a perforation 8 by 4 mm m 
diameter The edges of the defect were rounded and 
greenish gray The cervix was elongated, the external 
os showed healing lacerations, the tissues being dis- 
colored and edematous Microscopically, the endo- 
metrium was extremelj' thin, regenerative in tjpe, with 
moderate inflammation and areas of metaplasia to 
stratified squamous epithelium Considerable hemo- 
siderin w as present, chiefij' within endothelial phagoev tes 
The myometrium was edematous and moderatelj in- 
filtrated with leukocjtes The sections from the area 
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of perforation revealed most extensive inflammation 
In addition, embedded deep in the myometrium were 
irregular masses of orange-colored, somewhat granular 
material with a vacuolated and hyalimzed background, 
resembling agglutinated masses of blood clot as though 
altered in part by chemical agents (fig 15 A few 
multinucleated foreign body giant cells were present 


be seen a few small masses of vacuolated, deeply orange- 
stained material like that described in the uterus, with 
a similar foreign body giant cell reaction 

Smears and cultures of the peritoneal exudate gar e 
a mixed flora with Bacillus coli predominating in the 
cultures The postmortem blood culture from the heart 
pioduced a luxuriant growth of Bacillus welchi 



Fig 1 — Lesion in a human uterus treated by injection of an abortifacient paste 
Fig 2 — Effect of the paste on human blood in vitro 


near this material The myometrium around it was 
diffusely necrotic, with only phantoms of the former 
structures Organizing blood clot and purulent exudate 
m which were embedded small masses of the material 
just described coiered the perimetrium 
The oianes and tubes were buried in a mass of 
exudate In one o\ary were a number of infected 
follicular cysts and abscesses in some of which could 


Because of the perforation m the uterus, the abortion 
at first w r as believed to be due to mechanical pro- 
cedures, though a caustic chemical was suspected w'hen 
on microscopic examination the orange-stained material 
with the regional foreign body reaction was seen 
Official ini estigation rerealed that an abortifacient paste 
had been used, and trial of the physician who injected 
the paste resulted in his conwction for manslaughter 
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The results of a chemical analysis of the paste (“utra- 
jel” ) were reported as follows 

Castor oil-potassium h\ droxide 
soap 35 1 to 47 3 per cent 

Pine oil 10 3 to 25 2 per cent 

Alkali-combined iodine 1 1 to 16 per cent 

W ater 34 9 to 44 5 per cent 

p a . 81 to 949 

Since little is known of the effects of this paste, we 
decided to investigate its effects on human blood in vitro 
and in pregnant animals 

ACUTE EXPERIMENTS WITH ABORTIF ACIENT 
PASTE 

Effect oi t Human Blood m Vitio — The abortifacient 
paste (0 5 cc ) was added to fresh human blood (5 cc ) 
in a test tube This mixture was shaken vigorously 
tor two minutes, allowed to stand for thirty minutes, 
then fixed with about five volumes of a neutral 4 per 
cent solution of formaldehyde for twenty-four hours 
The solid portions of this mixture were then dehydrated 
in the usual procedure, embedded in paraffin, sectioned 
at 10 microns and stained -with hematoxylin and eosin 
Almost immediately after the paste was added to the 
blood and shaken, the blood turned dark brown and 
became lump} The microscopic preparations of this 
material re\ ealed a striking alteration of the blood 
clot (fig 2) The er}throc\tes were no longer recog- 
nizable Instead there were irregular masses of coarsely 
vacuolated material which was in part granular and in 
part hyaline This tissue was deeply orange stained 
and presented a distinct similarity to the vacuolated 
masses found m the uterus and the ovarv of the patient 

Effect on Utaus of a Piegnant Rabbit — One healthv 
female rabbit, weighing approximately 6 pounds (2 7 
Kg), well along in pregnancv, was used With the 
animal under anesthesia, approximately 0 5 cc of the 
abortifacient paste was injected in three places in 
the left horn of the uterus One morning, a week 
later, the rabbit was found dead 
There was perforation of the uterus at one of the 
sites of injection Generalized purulent peritonitis was 
present No fetuses were found in either horn of the 
uterus Portions of the tissues were fixed in a neutral 4 
per cent solution of formaldehyde, dehydrated, sectioned 
and stained in the usual manner Histologic examination 
revealed an extensive necrotizing inflammation of the 
left uterine horn at the sites of injection In the wall 
at the site of perforation and in the lumen could be 
seen numerous small masses of vacuolated granular and 
h} alme material similar to those described in the human 
uterus and ovary This material was not seen in the 
opposite horn of the uterus nor in sections of the heart 
the lungs, the liver, the spleen and the kidney 

Effect on the Utcm r m Piegnant White Rats — In 2 
health} pregnant white rats, each weighing about 200 
Gm , approximately 0 5 cc of the abortifacient paste 
was injected into the vagina, and a cotton plug w r as 
inserted to prevent its escape In 2 other pregnant rats, 
under anesthesia induced with ether, approximateh 
0 1 cc of the abortifacient paste was injected into the 
wall and the lumen of the right horn of the uterus 
in the places, each the site of a rat embryo The left 
horn of the uterus was reserved as a control Seven 
davs later all the animals were killed, and the tissues 
were sectioned m the usual manner 
Histologic examination of the uterus revealed in each 
instance an extensive suppurative inflammation of the 
inner surface In 1 rat an mfiammator} stricture pre- 
vented the expulsion of two fetuses All the others 


had been aborted In the lumen between the dead fetuses 
and the uterine wall could be seen small, Irregular, 
vacuolated granular and hyaline masses of material, 
similar to those seen m the human uterus and ovarv 
(fig 3) Both the uterine wall and the tissues of 
the embryos around these masses showed gangrenous 
necrosis as though acted on by a diffusible toxic agent 
Sections of the heart, the lungs, the liver and the kid- 
neys revealed no significant abnormality 

No alterations were noted in the tissues, including 
the vagina and the uterus, of those rats treated mtra- 
vagmally with the paste 

CHRONIC EXPERIMENTS WITH THE 
ABORTIFACIENT P^STE 

Five healthy pregnant white rats, each weighing about 
200 Gm , were anesthetized, and approximately 0 1 cc 
of the paste was injected into the right hoin of the 
pregnant uterus of each animal in from two to seven 
places One animal died five days later The remain- 
ing animals were killed forty-three days later Tissues 
from all were sectioned and prepared in the usual 
manner 

Examination of the animal that died five days after 
being given injections revealed extensive generalized 
acute peritonitis secondary to a perforation of the uterus 
The fetuses had been aborted Histologic examination 
of the tissues showed extensive inflammation and char- 
acteristic vacuolated granular and h}aline masses similar 
to those m the acute experiment 

Examination of 2 of the remaining rats on the forty- 
third day after injection revealed no evidence of the 
fetuses These animals showed no gross or histologic 
abnormality except for a diffuse eosinophil infiltration 
in the wall of the treated horn of the uterus It is 
suspected that the paste was injected wholly into the 
lumen of the uterus m these animals and was then 
expelled In the other 2 animals, inflammatory stric- 
tures caused the retention of two fetuses in one animal 
and only one fetus in the other The fetuses were 
autolyzed There was extensive chronic inflammation 
of the uterine wall with considerable regional fibrosis, 
chiefly in the region of the injection Here, too, were 
numerous irregular masses of vacuolated granular and 
hyaline material, with regional foreign body giant cells 
and xanthoma cells (fig 4) This closely resembled 
the lesion in the human uterus and ovary 

EXPERIMENTS WITH THE COMPONENTS Or 
THE ABORTIFACIENT PASTE 

Ingi edients Added to Human Blood in Fitio — Ap- 
proximately 0 5 cc amounts of castor oil, castor oil 
soap prepared with sodium hydroxide, oil of pine needles, 
5 per cent sodium hydroxide and decolorized tincture 
of iodides were added, respectively, to 2 cc amounts of 
human blood in test tubes The mixtures were shaken 
vigorously for about two minutes and allowed to stand 
for thirty minutes, then the solid portions were fixed, 
sectioned and stained m the usual manner 

Sodium hydroxide, castor oil and castor oil soap when 
added to the blood produced a brown discoloration 
immediately after being mixed, while the oil of pme 
needles and the tincture of iodides caused a delayed and 
less pronounced discoloration Sections of the solid 
portions of these mixtures revealed a complete loss of 
cellular elements of the blood and only small irregular 
amorphous and granular masses of orange and brown 
material remaining in places Nowhere did these re- 
semble the lesion seen m figure 2 

Ingredients Injected info the bieius of White Rats — 
In 5 nonpregnant healthv white rats, each weighing 
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about 200 Gm , in several places in one horn of the 
uterus was injected approximately 0 2 cc of castor oil, 
castor oil soap, oil of pine needles, decolorized tincture 
of nbdides and 5 per cent sodium hydroxide, respectively 
The animal given the injection of oil of pine needles 
died within thirty minutes The animal given the in- 
jection of 5 per cent sodium hydroxide died on the 


effect of this oil Postmoitem examination of the 
animal receiving sodium hydroxide revealed extensive 
local necrosis and inflammation but no characteristic 
lesion The remaining animals, given injections of de- 
colorized tincture of iodides, castor oil and castor oil 
soap, respectively, revealed only varying degrees of 
suppurative inflammation and focal necrosis 



Fig 3 — Effect of the paste on the uterus of a pregnant white rat Note a portion of a retained fetus on the 
right (seven dais) 

Fig 4 — Effect of the paste on the uterus of a pregnant white rat (forty-three dais) 


second postopcratn e dai The othei 3 rats were killed 
on the thirti -fourth day The tissues of all the animals 
uere prepared, sectioned and stained m the usual manner 

The animal given the injection of oil of pme needles 
reiealed no characteristic changes either grossly or 
microscopicalli Death uas probabli due to the toxic 


COMMENT 

The death of the patient was undoubtedly due 
primarily to the use of the abortifacient paste 
Apparently the paste uas sufficiently caustic to 
perforate the pregnant uterus and even erode 
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one ovaiy The neciotizing action of the paste 
was demonstrated by the gangrenous neciosis of 
the utenne and fetal tissues in the labbits and 
the lats, and the erosive action was apparent 
from the perforation of the uterus in 2 of the 
animals 

Characteristic of the effects of this paste aie 
n regular, vacuolated, partially hyaline and par- 
tially granular masses, 11111011 aie different from 
the lesions seen in other types of aboition 01 
poisoning As demonstrated by the in vitro 
experiments, characteristic masses aie pioduced 
by the action of the paste on blood The 
erjdhrocytes aie laked and the proteins of the 
cells and the serum agglutinated into the granu- 
lai and hyaline masses The oiange discoloi- 
ation of these masses is due cluefty to the oil 
of pine needles and to some extent to the alkali 
The vacuoles appear to be pi oduced by enmeshed 
droplets of castor oil and oil of pine needles 

Once formed, these masses may lemam m 
Situ and induce granulomatous inflammation with 
foreign body giant cells This lesult was well 
shown by the lesions m the human uteius and 
in the chronic experiments on white rats 

Since it was impossible to leproduce the 
lesion with any ot the component parts of the 


paste, either in vitio or in animals, this lesion 
is believed to be characteristic of the paste as 
a whole 

SUMMARY 

A 22 yeai old white woman w 7 as caused to 
abort by mtiautenne injections of an abortifacient 
paste The paste appears to have been caustic 
and to have produced perforation of the uterus 
with generalized peritonitis and death Masses 
of material believed to be the result of the action 
of the paste on blood w^ere observed micro- 
scopically in the uterus, m the perimetrial 
exudate and in the ovary Human blood mixed 
with the paste in vitro produced masses of ma- 
tenal with microscopic chaiactenstics similar 
to those in the human uterus In a pregnant 
labbit and in white rats the paste when injected 
into the utei us produced changes similar to 
those observed in the human uterus The com- 
ponent parts of the paste when mixed one by 
one with human blood 01 wdien injected singly 
into the uterine wall in white rats failed to repro- 
duce masses similar to those described 

The masses of material heiem described are 
unlike any associated with other types of abortion 
and are probably charactenstic of the type of 
abortifacient paste used 



ADENOMYOEPITHELIOMA (CYLINDROMA) OF PALATAL 

, MUCOUS GLANDS 

WILLIAM H B MJER, M D , D D S , and ROBERT A FOX, M D 

ST LOUIS 


Billroth 1 coined the term “cylindi oma” to 
designate a tumor which had arisen fiom the 
mucous glands of the accessoiy nasal sinuses and 
penetrated into the orbit The tumor was 
characterized by a distinct parenchyma trav- 
ersed by hyaline cylinders and tubes of stroma 
In using the term “cylindroma” Billroth referred 
to the peculiar stroma rather than to the paren- 
chyma At first he regarded the cells of the 
parenchyma as epithelial, but a short time later 
he preferred to consider them as of connective 
tissue origin, precipitating a heated discussion as 
to the epithelial or the endothelial origin of the 
cylindroma Although the endothelial concept 
seems to have been abandoned m favor of the 
epithelial one, there are still much confusion and 
lack of unanimity as to the genesis and the 
classification 

A large number of specimens of so-called 
cylindroma of the salivary and mucous glands 
have since been described as “mixed tumors ” 
On the other hand, basically different neo- 
plasms, such as true mixed tumors and adenoma, 
which occur in the region of the salivary glands 
and exhibit varying degrees of hyahmzation, 
have been indiscriminately included m the cylin- 
droma group The occurrence of hyahmzation 
in carcinoma with origin from salivary glands 
has led others to classify cylindroma as a variety 
of adenocarcinoma The latter idea, propounded 
by McFarland 2 and by Mayo and Dockerty, 3 is 
supported by the “potential” malignancy of 
cylindroma McFarland included cylindroma 
with the mixed tumors of the salivary glands, 
and stressed their generally unfavorable prog- 
nosis, particularly when subjected to suigical 
removal He emphasized the “lack of correla- 
tion between the histopathology of the tumor and 
its clinical behavior” and expressed the belief 
that “the microscope, beyond showing that the 
lesion is a mixed tumor, is misleading ” Mayo 

From the Departments of Pathology of the Schools 
of Dentistry and Medicine of St Louis University 

1 Billroth, T Virchows Arch f path Anat 17 
357, 1859 

2 McFarland, J Surg, Gjnec & Obst 63 457, 
1936 

3 Ma\ o, C W , and Dockerty, M B Surg , 
G\nec & Obst 74 1033, 1942, Surgerj 13 416, 1943 


and Dockeity, m their fiist papei on cylindi oma, 
also classified it with the mixed tumors of the 
salivary glands They stated that “the average 
giade of malignancy was higher in the ‘mixed 
tumor’ group” and on this basis differentiated 
between the two types of giov'th In a later 
study, however, they reported two “metastasiz- 
ing adenocarcinomas of cylindroma type ” They 
legarded them as “pure cylindromas” and warned 
against confusing this highly infiltrative neoplasm 
with the more common mixed tumor, which has 
a vastly different prognosis Other authors, 
however, have refused to accept cylindroma as 
definitely a cancer 

In this paper we do not presume to be able to 
solve the question of the nature of these tumors 
We aie fully aware of the limitations of micro- 
scopic evaluation in this respect Our study was 
conducted with the following questions in mind 

1 How does the homogeneous stroma of 
cylindroma develop and what is its relationship 
to the parenchyma ? 

2 From what is the parenchyma of pure 
cylindroma derived ? 

3 From the histologic point of view can puie 
cylindroma of the palate be considered as a 
variety of mixed tumor or as adenocarcinoma'’ 

APPEARANCE OF THE TUMOR 

The so-called cylindroma occurs wherever 
salivary or mucous glands are found It forms 
slowly, is of elastic consistency and is usually 
freely movable beneath the mucosa or the skin 
It tends to be sharply circumscribed The cut 
surface of the tumor is grayish red and has a 
glossy, translucent, gelatinous appearance 

HISTOLOGY OF THE PALATAL GLANDS 

In the submucosa of the posterior portion of 
the hard palate and especially in the soft palate 
there aie dense aggregations of tubuloalveolar 
mucous glands These are, for the most pait, 
connected to secretory ducts of varying diameter, 
and to isthmuses between the glands and the 
mam secretory ducts The epithelium of the 
isthmuses and mam ducts is composed of cells of 
tw'o types cylmdric cells and the so-called bas- 
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ket cells located between the cylmdric cells and 
the basement membrane, as well as between the 
cylmdric cells themselves Detailed information 
regarding the structure of the basket cells 
can be found in an exhaustive study by Zim- 
mermann 4 In the parotid, submaxillary, sub- 
lingual and lacrimal glands the basket cells as- 
sume a stellate pattern because of radiating long 
threadlike extensions of the cytoplasm In the 
mucotubular glands, howevei, they resemble 
fibroblasts because of their flat, broad spindle 
shape Maximow and Bloom 5 and other investi- 
gators have considered these cells epithelial in 
origin and capable of contraction, a concept 
which induced Renaut 6 to call them “myoepi- 
thelial” cells Their function is concerned with 
the expulsion of collected secretion within the 
glandular lumen Because more force is requii ed 
to extrude the sticky contents of the mucous 
glands as compared with the watery seioalbumi- 
nous contents of the albuminous glands, the 
former type contains far more basket cells than 
the latter It is the basket cells, we believe, 
which play the important role m cylindroma of 
the mucous glands 

MATERIAL 

Our histologic studies were confined to 3 tumors 
classified as cylindroma and 3 classified as adeno- 
carcinoma of the palate The specimens had been fixed 
in a 2 per cent solution of formaldehyde and embedded 
in celloidin (a concentrated preparation of pyroxylin) 
Detailed studies were limited to 1 particular specimen 
of c\ lindroma which was sectioned serially This tumor 
of walnut size was singled out because it had been 
curetted two years prior to total excision The curette- 
ment was done under the erroneous impression that the 
lesion was an abscess In addition to the routine 
hematoxyhn-eosin preparations, sections were studied 
with Mallory’s aniline blue Masson’s trichrome and 
Best’s congo red stain 

MICROSCOPIC FEATURES OF THE TUMORS STUDIED 

The cytologic features of the tumors diagnosed 
as cylindroma varied considerably Each of the 
growths was separated from the palatal 
epithelium by a remaikably thick, dense fibious 
membrane (fig 1) Genei ally, there was negli- 
gible round cell infiltration m the subepithehal 
stroma, it was most maiked in the pi eviously 
cuietted tumor Heie the epithelium of the 
mucosa grew deep into the neoplasm, gradually 

4 Zimmermann, K W Die Speicheldrusen der 
Mundhohle und die Bauchspeicheldruse, in von Mollen- 
dorff, W Handbuch der mikroskopischen Anatomie 
des Menschen, Berlin, Julius Springer, 1927, vol 5, pt 
1, pp 61-244 

5 Maximow, A A, and Bloom, W A Textbook 
of Histology, Philadelphia \V B Saunders Company, 
1939 

6 Renaut, J Compt rend Acad d sc 89 247, 
1S79 


infiltrating and intermingling with the paren- 
chyma The subepithehal fibrous membrane 
contained a moderate number of spindle-shaped 
cells and a few vessels with perivascular leuko- 
cytic infiltration Sections stained with aniline 
blue according to Mallory’s technic showed 
streaks of collagen fibrils arranged in whoils and 
strands, most of which weie parallel to the 
epithelial surface Radiating connective tissue 
septums divided portions of the tumor pa- 
renchyma into lobules (fig 2) Although the 
connective tissue which extended between the 
lobules was composed of a moderate number of 
spindle cells centrally, the peripheral portions 
assumed a more homogeneous appearance In 
addition the connective tissue stroma had invaded 
the individual glandular oi ducthke structures of 
the parenchyma (fig 2) It is especially note- 
worthy that the fibrous stroma had undergone 
hyaline degeneration wherever it was m contact 
with the secretion of the parenchymal cells (fig 
3) In sections stained with hematoxylin and 
eosm a bluish product of the epithelial cells 
formed a sort of membrane of varying thickness 
aiound dense areas of epithelium and branched 
into the interior between groups of cells The 
connective tissue hyalin was pink and appealed 
to be fused with the epithelial secretion, foi mmg 
an epithelial-mesenchymal substance It seemed 
as though the epithelial secretion incited the 
hyalinization of the fibious stroma This trans- 
foimation of the fibrous stroma also occurred 
w hen it invaded the ducthke structures and came 
into contact with the epithelial secietion (fig 3) 
Special stains demonstrated the presence of elas- 
tin m the latter, but congo red failed to reveal 
amyloid, which Lubarsch T thought this homo- 
geneous substance to be There were aieas en- 
tirely dominated by aggregations of this hyaline 
substance The scanty remnants of degenerated 
cells within these areas furnished evidence that 
pressure had been exeited by the mfiltiating 
stroma on the paienchyma However, there was 
also evidence that the paienchyma had prohler- 
ated into the masses of hyaline substance The 
larger homogeneous masses had a mottled pat- 
tern due to the presence of irregularly shaped 
lighter ai eas , the latter were the result of de- 
generation and disappearance of the tubular 
parenchyma (fig 4) 

The bulk of each tumor formed a spong) mass 
due to anastomosing branches of tubular struc- 
tures of varying caliber (fig 2) The tubules 
and the stiands of cells could be traced to the 
normal mucous glands with which they were 
connected by what may be called transitional 
structuies It was these aieas which clearh 

7 Lubarsch, O Virchows Arch f path -\nat 
122 373, 1890 
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Fig 1 — Cylindroma of the palate An area of the tumor is shown, sepaiated from the normal palatal 
mucosa by a fibrous wall X 100 

Fig 2 — Extensions of the fibrous wall dmding the tumor into lobes Note the hyaline substance between 
and within tubes lined by epithelial cells X 200 

Fig 3 — Intercalated ducts from a transitional area between normal mucous glands and neoplasm Pro- 
liferation of myoepithelial cells and imasion of stroma are shown X 500 

Fig 4 — Accumulation of hyaline stroma with irregular light patches, a result of the disappearance of myo- 
epithehal cells following atrophy due to pressure Cell remains are scattered throughout the field X 200 




BAUER-FOX— PALATAL ADEN OMYOEPIT HELIOMA (CYLINDROMA) 99 

showed that the parenchymal cells of the tumor tion were observed occasionally, which had flat- 
originated from the palatal mucous glands or tened or even caused complete disintegration, due 
their intercalated ducts Proliferation of the to pressure, of the tubular lining cells The lu- 
secretory as well as of the basket cells had lepro- mens of the ducthke structures were surrounded 



Fig 5 — Tubules reproducing intercalated ducts The inner lajer of epithelial cells assumes a secretorj func- 
tion Note the proliferating mjoepithehal cells X 500 

Fig 6 — Adenomatous structure adjacent to the region of prenous curettement Note the pleomorphism and 
hjperchromatism of the lining cells X 480 

Fig 7 — Strands of mjoepithehal cells in a collagenous stroma which has become hjalinized Some cells 
are undergoing pressure atrophr X 450 

duced tubules or acini of mucous glands faul} and frequentl) obliterated b) one or more la)ers 

well, the cells, howevei, appeared to be some- ot somewhat disfigured proliferating c_\ Imdric 

what hyperplastic and occasionalh degenerated cells (fig 3) The peripheral as well as the 

(fig 5) Excessive quantities of mucous secre- central piohferating cells extended into the 
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stroma in solid cords to lorm pseudotubules which manifested striking polymoiphism and 
filled with mucoid material, or cords ot cells hypeichiomatism without mitotic figures (fig 
surrounding irregular spaces, some of which 6) This tissue lepiesented densely packed 
contained cellular debus mucous gland isthmuses Then lumens were 



Fig 8 — H\ahnizatiou of fibrous stroma, proliferation of invoepitlielial cells X 400 

Fig 9 — Network of tubules lined by a lajer of flat epithelial and rmoepithelial cells arranged like the 
needles of a pine tree X 400 

Fig 10 — Myoepithelial cells, the citoplasm of which is fused with the hvahne stroma X 600 


The secreting and the basket cells did not obhteiated by eitliei pi ohferatmg epithelial cells 
exhibit definite evidence of being cancel ous or mucus Here and there the innei luminal 
Howeter, in the region of the former cureltement lining cells principal h , and the basket cells to a 
there was a well defined adenomatous lobule lessei extent, had undergone hyahni 7 ation and 
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keratinization Giant epithelial cells with large, 
hyperchromatic occasionally lobulated nuclei 
were found situated beside unusually small 
epithelial cells with pyknotic nuclei of varying 
degrees of chromatism The picture resembled 
the lesions produced by Fischer- Wasels s m his 
studies of the effects of carcinogens on the 
parotid glands of rabbits and rats 

As stated before, the mass of each of our tu- 
mors consisted of strands or layers of prohfeiat- 
mg myoepithelial cells (fig 7 and 8) One 
neoplasm was composed almost entirely of ducts 
lined by a single layer of flattened epithelium, 
while the spindle or o\oid peripheral cells w 7 eie 
arranged like the needles of a pine tree (fig 9) 
Strands of similar spindle and ovoid cells w 7 ere 
observed in another tumor , here they were 
separated by fibrous collagen which had been 
converted into a homogeneous hyaline substance 
in some places The nuclei of these cells v 7 ere 
remarkably large, variously shaped and rich in 
chromatin Theie were no mitotic figures 
Some cells had c) toplasnuc processes which 
extended in several directions, giving them a 
stellate appearance, and joined them with each 
other In othei cells the cytoplasm v r as fused 
with the collagenous oi hyaline stioma to such 
an extent that only the nucleus remained (fig 
10 ) 

COMMENT 

It appeals from the microscopic examination 
of our material that cylmdioma originates from 
the palatal mucous glands, with which it is con- 
nected by transitory structures Theie was evi- 
dence of proliferation of the epithelial cells lin- 
ing the intercalated ducts and especially of the 
basket or myoepithelial cells, located between the 
inner cyhndnc epithelial layei and the basement 
membrane The bulk of each tumor was com- 
posed of interlacing strands and cords of bas- 
ket cells arranged m an adenomatous pattern 
The cytologic details cannot be full) understood 
unless one pays particular attention to the pe- 
culiar and intimate interrelation between the 
stroma and the paienchyma We feel that both 
the stioma and the parenchyma develop a pro- 
liferating, invasive capacity of remaikable 
strength Howevei in this respect the evidence 
seems to indicate that the stroma is more pow er- 
ful than the parenchyma, foi it is the stroma 
which disrupts the epithelial aggregations and 
by piessure even produces atrophy The epi- 
thelium, howevei, may regain its infiltrative 
power and again invade the wide expanse of 

8 Fischer-Wasels, B Allgememe Geschwulstlehre, 

m Betlie, A , \on Bergmann, G, and others Handbuch 
der normalen und pathologischen Ph-\siologie, Berlin, 

Tubus Springer, 1927, ioI 14, p 1477 


stroma The fibrous stioma, which originates 
tiom the well developed capsule, meets in its 
adt ance the epithelial secretion, which causes 
it to undergo hyaline degeneration In those 
i egions where there is no epithelial secretion the 
stroma maintains its fibrous character Obsen a- 
tions and conclusions similar to these were ar- 
il ved at by Herzog 8 9 in 1921 

The secretion found in the ducthke structuies 
of the tumors is the product of the cylmdnc lin- 
ing cells Zimmermann 4 proved that the inner 
c)hndnc cells, as well as the cuboidal cells of 
the intercalated ducts of the palatal mucous 
glands, can be converted into large mucus- 
secreting cells If these lining cells dimmish m 
size and their nuclei become smaller, their 
capacity to produce mucus vanishes 

We have emphasized repeatedly the signifi- 
cance of the basket or myoepithelial cells in the 
stiuctuie of these tumors These cells and the 
odd relation between stroma and parench)ma, 
constitute the characteristic histologic featuie 
We cannot share the opinion of those authors 
who considei the hyaline stroma alone the main 
diagnostic feature, because there are many 
epithelial growths which exhibit wide stromal 
hyahnization 

Myoepithelial cells are found in the albuminous 
and mammary glands, as w ell as in the glands of 
Moll and the apocrine sweat glands They are 
not directly connected to the stromal tissue which 
surrounds the acini and intercalated ducts but 
are separated from it by a basement membrane, 
although they do not leave their imprint on this 
membrane, they do on the acinous and cyhndric 
cells of the ducts As a rule, the cytoplasm con- 
tains fibrils which pass through the large dark 
nucleus However, we observed that wherevei 
myoepithelial cells appear m close proximity to 
hyalinized stroma, the fibrillai cytoplasm also 
becomes hyaline, thus fusing itself with the 
stroma In sections stained with hematoxylin 
and eosm these cells are elongated and have 
large hyperchromatic nuclei The Masson 
stain, however, brings out a reddish cytoplasm, 
which helps to differentiate myoepithelial from 
secretory epithelial cells 

The importance of the myoepithelial cell was 
jecognized a long time ago Ribbert 10 and 
others demonstrated the ability which these cells 
hat e to pi ohferate after ligation of the excretory 
duct of the parotid gland of the rabbit or in in- 
flammatory and regeneratne processes involving 
that gland Some authors regarded them as 

9 Herzog, G Beitr z path <\nat u z allg Path 
69 422, 1921 

10 Ribbert M W Sitzungb d nied -rbein 
Gesellsch f Mat u Heilk 1879, p 86 
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germ cells of the secietmg glandular epithelium, 
and Krompecher 11 called them “basal cells ” In 
his studies of epithelioma of salivary and mucous 
glands Krompecher referred to a “reticular 
mucous cylindroma” which was composed of 
proliferated “basal cells” as a “basal cell ad- 
enoma ” The tumors of the parotid gland de- 
scribed by French and German pathologists as 
acinous and canalicular adenoma must not be 
confused with Krompecher’s “basal cell ad- 
enoma ” 

Sheldon 12 observed proliferation of myoepi- 
thelial cells m tumors of the sweat glands, and 
Kuzma 13 described proliferating elongated con- 
tractile cells m the human breast 

Recently, Sheldon 14 m an elaborate study of 
54 tumors of the salivary glands divided his 
material into four gioups He legarded the 
tumors in the first group as adenoma derived 
liom the secreting epithelium of the salivary 
glands His second group was constituted of 
the “mixed tumois” because “in addition to the 
secietmg epithelium, the basket cells, which are 
a noimal component of the salivary glands, con- 
tribute not only to the tumor but ai e actually the 
predominating cells ” He held that the normal 
picture is fuither distorted by “degeneration of 
the epithelium with subsequent myxomatous and 
pseudocartilagmous appearance of the stroma 
In addition, squamous metaplasia of the 
epithelium may occui Tiue caitilage or bone 
which arises by metaplasia fiom the connective 
tissue stioma further confuses the pictuie ” 
The tumors of the thud group weie charactenzed 
by basket cells alone without degenerative or 
metaplastic changes of the stroma Sheldon sug- 
gested the name “myoepithelioma” for these 
slowly invading growths The fourth gi oup was 
composed of tumors diagnosed as caicinoma of 
the secretory epithelium 

The tumors classified as cylindroma of the 
palatal mucous glands which we examined do not 
fit into Sheldon’s second group (“mixed tu- 

11 Krompecher, E Beitr z path Anat u z allg 
Path 70 489, 1922 

12 Sheldon, W H Arch Path 31 326, 1941 

13 ICuzma, J F Am J Path 19 473, 1943 

14 Sheldon, W H Arch Path 35 1, 1943 


mors”) because of the absence of myxomatous, 
pseudocartilagmous tissue and squamous meta- 
plasia, as well as of caitilage and bone On the 
other hand, they cannot be placed m his thud 
group because, though their bulk consists princi- 
pally of myoepithelial cells, theie are also ade- 
nomatous structuies resembling normal mucous 
glands The interlacing network of strands of 
prohfeiating myoepithelial cells in a hyalmized 
stroma of epithelial-mesenchymal origin associ- 
ated with adenomatous foimations of secreting 
cells induces us to suggest the teim “adenomyo- 
epithehoma” for these tumois of the palatal mu- 
cous glands The absence of definite microscopic 
features of cancer delimits adenomyoepithehoma 
(cylindroma) from adenocarcinoma of the palate 
However, we believe that though the growth is 
pnncipally noncancerous, it may undergo trans- 
founation into adenocarcinoma This alteration 
may develop spontaneously or may be encour- 
aged by suigical intervention However, if one 
wishes to letain the teim “cylindroma,” we 
should piefei to consider the cancerous growth 
as carcinomatous cylindroma rather than as 
cylindi omatous carcinoma 

SUMMARY 

Cylindi oma of the palate anses from the cells 
lining the intercalated ducts of the palatal 
mucous glands Not the cylmdric cells but the 
basket or myoepithelial cells chiefly form the 
bulk of the pai enchyma of this tumor There is 
an intimate relationship between the erstwhile 
cylmdric cells which diffei entiate into secreting 
mucous cells and the fibrous connective tissue 
stioma which ladiates from the well pieserved 
capsule into the parenchyma We believe that 
the fibrous stroma invades the tubular epithelial 
formations and by coming into contact with the 
secretion of the latter becomes converted into a 
hyaline substance 

Although this tumoi of the mucous glands may 
be remotely i elated to the “mixed tumors” we 
interpret it as a specific type of neoplasm The 
name “adenomyoepithehoma of the palatal 
mucous glands” seems to be appiopriate The 
tumor though genuinely benign may undeigo 
cancel ous alteration 
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In his comprehensive review of expenmental 
nephropathies in 1937, Horn 1 remarked that 
■“the abnormalities reported following the use of 
chemical agents and 11 radiation have but a re- 
mote application to the human disease 
The value of such piocedures resides moie sig- 
nificantly in the pursuit of functional and toxi- 
cologic studies ” Most of the contributors to 
the extensive hteiature on the effects of chemical 
agents on the kidneys have not differentiated 
between these two points of view Usually, 
investigators have been more concerned with 
the certainty of damaging the kidneys than with 
producing a selective effect by the use of the 
poison The dose employed was not, therefore, 
adapted to the lequirements of an accurate study 
of renal function 

One of the chief difficulties that has con- 
fronted the experimental pathologist in this field 
has been the lack of dependable means of identi- 
fying the particular portion of the renal tubule 
damaged by a chemical agent Suzuki 2 and 
Aschoff and Suzuki ° used the vital dye phenol 
led to differentiate the thiee paits of the proxi- 
mal convoluted tubule Edwards 4 macerated 
portions of kidneys mjuied with mercury bichlo- 
ude, dissected them with glass needles undei 
a microscope and towed the isolated tubules to 
an area of the dish used m dissection, where it 
was uncoiled as fai as possible in order to 
identify the diffeient segments Both of these 
methods are tedious, time consuming and diffi- 
cult In the couise of oui studies during the 
past seven years on the effects of chemical agents 
on the kidneys of dogs we have developed a 
method by which the fiist and the terminal 

From the Department of Pathology, Northwestern 
University Medical School 

This investigation was aided by a grant from the 
Committee on Therapeutic Research of the American 
Medical Association 

1 Horn, H Arch Path 23 71 and 131, 1937 

2 Suzuki, T Morphologie der Nierensekretion 
unter pathologischen Bedingungen, Jena, G Fischer, 
1912 

3 Aschoff, L , and Suzuki, T V erhand! d deutsch 
path Gesellsch 15 199, 1912 

4 Edwards, J G Am J Path 18 1011, 1942 


portion of the canine renal tubule can be selec- 
ts ely injured with considerable accuracy and 
later identified in nncioscopic sections with 
leasonable certainty 

DESCRIPTION or METHOD 

Each dog was weighed and its total blood 
volume was determined approximately by the 
formula weight m grams X 0 0925 = blood 
volume m cubic centimeters Then a carefully 
measured quantity of the poison in isotonic solu- 
tion of sodium chloride was slowly injected in- 
travenously The amount administered ranged 
from 0 10 to 3 0 mg pei hundred cubic centi- 
meters of blood At proper intervals, usually 
f lom eighteen to seventy-two hours, the ani- 
mals were killed and their kidneys studied 
microscopically with the aid of several staining 
methods 

In oui experiments potassium dichromate 
mercury bichloride and uranyl mtiate were used 
as renal poisons Suzuki 2 was one of the first 
to piesent evidence, based on more accurate 
methods of diffeientiatmg the parts of the piojo- 
mal convoluted tubule, that the dichromate 
affects the first part, while the bichloride and 
uranyl mtiate injure particularly the teimmal 
portion This claim has been frequently dis- 
puted Recently, Edwards 4 insisted that the 
bichloride does not cause necrosis of the ter- 
minal portion of the pioximal convoluted tubule 
He used rabbits, guinea pigs, rats and frogs in 
his expei iments The following comments on 
the work of Edwards are pertinent In the first 
place, he teased out an individual tubule from 
macerated renal tissue and identified the affected 
portion of the tubule by its thinness Foi pui- 
poses of identification and description he divided 
each tubule into eight (presumably equal) seg- 
ments In the second place, the poison w r as 
administered intraperitoneally (except in the 
frogs), and the total dose per kilogram of body 
weight was much higher than that used in our 
experiments — ranging in the rabbits from 2 44 to 
5 88 mg per kilogram Furthermore, Edwards 
found a significant species difference in the dis- 
tribution of the necrosis m the kidneys of the 
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mammals used by him In the lat the neciosis 
was most frequently obseived in the fifth and 
sixth segments, m the labbit, in the sixth and 
seventh segments, while m the guinea pig it ex- 
tended fiom the eighth segment upward foi 
varying distances, even to the point of junction 
ot the tubule w ith the glome i ulus The animals 
used by Edwards survived foi penods ranging 
Irom less than one day to one hundred and 
thnt} -four da} s 

It is of particulai intei est that, as demon- 
strated by Edwaids, the location of the maximal 
mjuiious action of meicury bichlonde in the 
pioximal convoluted tubules varies m diffeient 
species of animals Oui experiments weie limi- 
ted entirely to dogs When minimum neciotizing 
doses of the chemical agents aie injected mtra- 
v enously into dogs, potassium dichromate causes 
neciosis of the fiist pait, and mercury bichloude 
and uranyl nitrate of the teiminal poition, of the 
pioximal convoluted tubule This can be demon- 
strated m dogs b} tAio quite simple devices 

1 In the kidne) s of dogs and othei mammals 
theie is a nairoiv zone immediately beneath the 
1 enal capsule aa Inch is devoid of glomeruli This 
zone is composed almost entnely of the first 
poitions of pioximal convoluted tubules Avhich 
come off from the moie superficial, oi penph- 
erally located, glomeruli, AVith a few distal con- 
a oluted tubules In the kidne) s of dogs poisoned 
aa ith the smallest necrotizing dose of potassium 
dicln ornate, neciosis aa as present in this narroAA 
subcapsular zone (fig lu) In the deeper poi- 
tions of the coitex, the neciosis was in the 
labyiinth and involved transierse oi sharply 
curved shoit sections of tubules, Avhich were 
piobably segments of the first portions of the 
proximal com oluted tubules of glomeruli situ- 
ated moie deeply in tbe coitex The straight, 
teiminal portions of these tubules, Avhich he 
chiefly m the outei part of the labjnnth along 
the margins of the medullary rays, vveie not 
necrotic when tbe dose was pioperly selected 
Laiger but still very small doses caused moie 
extensive neciosis (fig lb) On the othei 
hand, m the kidneys of dogs poisoned AAith the 
minimum neciotizing dose of meicuiy bichloude 
or of uranyl nitrate, neciosis was not seen m 
the narroAv subcapsular zone but was present m 
the straight terminal tubules deep in the coitex 
along the margins of the labyrinth (figs 2 a and 
3 a) With equivalent doses, the necrosis caused 
b} meicury bichloride seemed to extend farther 
upward into the proximal convoluted tubules 
than did that caused bv uranyl nitrate A pos- 
sible reason for this diffeience will be discussed 
in a later paragiaph Slightly largei doses of 
these substances also caused more widespread 
necrosis (figs 2 b and 3 b) 


2 In sections of the kidne) s ot dogs stained 
with sudan III we i epeatedl) noted the presence 
ot fat in tubules that lay in the zone of junction 
between the labyrinth and the medullary rajs 
(fig 4) The transition fiom fat-fiee to fat- 
containing epithelium m a tubule may be quite 
abrupt Latei we found that Model! 5,1 had 
made a similar obseivation and had stained iso- 
lated tubules dissected out of macerated kidnevs 
of dogs and cats He found by this means that 
the fat was present in the stiaight, terminal 
poition of the pioximal convoluted tubule of the 
dog and in highei segments in the kidneys oi 
cats Modell’s obsei Actions were confirmed and 
conected by Foote Bb It seemed, therefoie, that 
fat m this location m noimal canine kidney' 
might be used to identify the lowei or teiminal 
portions of the proximal convoluted tubules 
We studied sudan-stamed sections of the kid- 
ney s of 163 dogs in ordei to deteinnne vidiat 


Pusence oj Fat in Terminal Portions of Pioximal 
Convoluted Renal 7 abides of Dogs 
Given Vaiwus Poisons 



Fat Not 

Fat 



Sufficient for 

Sulheient for 

Numbei 


Identification 

Identification, 

of 


per Cent 

per Cent 

Dogs 

Snake \ enom 

75 0 

25 0 

20 

Streptococcus to\in 

50 0 

500 

6 

Diphtheria to\m 

ITS 

52 2 

23 

Normal controls 

45 2 

54 8 

42 

Staphylococcus to\in 

41 7 

5S3 

12 

Mercury bichloride 

23 5 

70 5 

17 

Potassium dichromate 

14 4 

S50 

21 

Uranyl nitrate 

91 

90 9 

22 
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Classified summary ot results 



Glomerular poisons 

55 7 

44 3 

61 

Normal controls 

45 2 

548 

42 

Tubular poisons 

15 0 

850 

60 




163 


peicentage of them contained fat This grouj 
contained noimal controls and dogs that lrw 
been poisoned with various substances Tin 
results w r eie surprising Foi purposes of classi 
fication these kidneys wei e dtvuded into tiv< 
gioups (a) those in aaIucIi the epithelium o 
the terminal portions of the proximal tubule: 
contained sufficient fat for satisfactoiy identifi 
cation and (b) those in which fat was eithei 
not pi esent oi present m such small amount tha 
it could not serve the puipose of identification 
of paits of the tubules 

The results are shoAvn in the accompanying 
table The classified summary at the end of th( 
table is of particular interest More than hal 
of the normal control dogs had sufficient fat n 
the terminal portions of their proximal con 
v'oluted tubules to permit identification of thes< 

5 (a) Modell, W Anat Rec 59 253, 1934 ( b ] 

Foote, J J Proc Soc Exper Biol & Med 34 196 
1936 
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stiuctuies Recognition of the fact that a specific 
pait of the tubule of the noimal canine kidney 
may contain fat in appieciable and even m con- 
sideiable amount may aid m avoiding an mcoi- 
rect mterpietation of the lesults of expenmental 
piocedures on these oigans Howevei, the type 
of poison used does appeal to have a definite 
effect on the quantity of fat found in the tubular 
epithelium 

The venom of snakes (moccasin and rattle- 
snake) and the toxins pioduced by streptococcus, 
staphylococcus and the diphthena bacillus aie all 
pioteins and therefore colloids, although then 


Mercury bichlonde, potassium dichromate and 
uianyl nitrate are crystalline substances and 
therefore pass easily through the glomerulai 
filter By absorption of water from the glomeru- 
lar filtrate, they are concentiated in the tubules 
Since tbeir most evident effect is on the tubulai 
epithelium they have been classed as tubulai 
poisons m the table Eigbty-five pei cent of 
the kidney's of this group of dogs contained 
sufficient fat to identify the straight terminal 
poitions of the proximal convoluted tubules 
The difference between this gioup and the noi- 
mal controls (about 30 pei cent) is statistically 



Fig 4 — Renal tissue of dogs poisoned with mercur\ bichloride (HgCb) and potassium dichromate (KsCnD-) 
(o) One milligram of mercury bichloride per hundred cubic centimeters of blood was given to dog K Hg 3 The 
animal was killed on the fourth day Sudan III stain was used Fat, reproduced as black droplets, is seen in the 
straight terminal portions of the proximal convoluted tubules (b) One dose of 4 mg of potassium dichromate was 
gnen to dog K Cr 8 Sudan III stain was used Many of the cells containing fat are necrotic 


molecules ate small in comparison with those of 
some of the proteins Colloids do not pass readily 
through the glomerular filter and tend to become 
concentrated in the capillanes because of the loss 
of uatei by filtration It is for this reason that 
these substances hav e been classed as glomerular 
poisons It will be noted that the kidneys of 
the dogs to which these poisons were adminis- 
tered contained somewhat less fat than did those 
of the normal conti ols The difference (about 
10 pei cent) may not be sufficient to be signifi- 
cant 


significant It appeals, therefoie, that these 
tubular poisons increase the tendency' of the 
specific tubular epithelium of dogs to accumulate 
tat and thus aid m identification of the part of 
the tubule involved 

These two methods of identifying the first 
and the terminal portions of the proximal con- 
voluted tubules can be applied only if the mini- 
mum necrotizing dose of the poison is admin- 
istered When in a dog after the injection of 
a properly selected dose the necrosis of tubular 
epithelium is found to be limited to the sub- 
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capsular, aglomerulai zone and to the labyrinth, 
leaving the stiaight, fat-containing, terminal 
portion without visible damage, that poison may 
be said to affect the first segment of the proximal 
convoluted tubule When, on the other hand, 
after such an injection the neciosis is found to 
be limited to the straight, fat-containing, terminal 
portion, leaving the subcapsular zone intact, that 
poison may be said to have affected the terminal 
segment of the proximal tubule 

Aside from possible differences m lelative 
toxicity, an explanation of the involvement of 
different parts of the proximal convoluted tubule 
may be related to a fact pointed out by one of 
us in another connection c Presumably it is the 
metal ions in the molecules of each of the poisons 
that injure the renal epithelium It is assumed 
also that such a metallic poison in weak solution 
can damage the cells only by entering them and 
that the amount entering the cells is proportional 
to the concenti ation of the poison in the tubular 
lumen The concentrations of the metallic ions 
in each of the three poisons used m these ex- 
periments differ among themselves One milli- 
giam of potassium dichromate contains 6 80 X 
10 - 3 gram atoms of chiomium, 1 mg of mer- 
cury bichloride contains 3 66 X 10~ 3 gram atoms 
of mercuiy, and 1 mg of uranyl mtiate contains 
2 53 X 10 gram atoms of uranium If the 
absorption of watei pioceeds uniformly through- 
out the proximal convoluted tubules, a concen- 
tration of chromium ions capable of injuring the 
lenal epithelium would be attained at a highei 
level m tbe tubules than would the concenti ation 
of metallic ions with a corresponding dose of 
either of the two other poisons Potassium 
dichromate would therefore be expected to dam- 
age a portion of the proximal convoluted tubules 
nearer to the glomeiulus than would either mer- 
cury bichloride or uranyl nitrate 

Perhaps a more accuiate companson of the 
toxic effects of these poisons could be made if 
the amount of each substance injected was pro- 
portional to the gram atom equivalent of the 
respective metal in the molecule than if merely 
an equal number of milligrams was used, as was 
done in these experiments This would cer- 
tainly be necessary if one had to determine the 
relative toxicity of the three substances 

Except for minor variations due to individual 
differences in susceptibility to one or anothei 

6 Simonds, J P J A M A 120 786, 1942 


of the poisons used in these experiments, the 
degiee of injury of the tubulai epithelium varies 
with the quantity of poison administered For 
this special reason and for moie general reasons 
microscopic examination of the kidneys of 
tieated animals is essential to a correct mter- 
pietation of the results of experiments on renal 
function based on the use of such agents Moie 
than 3 mg per hundred cubic centimeters of 
blood of any of the substances used m these 
experiments will produce necrosis throughout 
the gi eater portion of the proximal convoluted 
tubule With the smallest necrotizing dose — 
usually 1 5 to 2 mg per hundred cubic centi- 
meteis of blood — potassium dichromate causes 
necrosis that is shaiply localized in the first part 
of the proximal convoluted tubule, and mercury 
bichloride and uranyl nitrate, m the terminal 
portion With smaller subnecrotizmg doses, 
visible damage — swelling and splitting of the 
epithelium — can be detected m that portion of 
the tubule m which the particulai poison char- 
acteristically produces its necrotizing effect The 
conclusion would seem to be justified, there- 
fore, that an extremely small dose, incapable of 
producing visible mjuiy, would induce distur- 
bances of function that would be limited even 
more closely to that part of the tubule in which 
the particular poison in larger doses produces 
its characteristic necrosis 

This method of controlled selective injury of 
specific parts of the nephrons by properly chosen 
doses of chemical substances, adequately checked 
by microscopic examination of the kidneys, lends 
itself to more accurate studies of the functional 
activities of these oigans than methods hereto- 
fore employed It should be of a alue in deter- 
mining the mechanisms of the clearance of 
substances, such as urea and dextrose, that are 
absorbed by the renal tubules, and of substances, 
such as diodrast and exogenous cieatmme, that 
are excreted by these structures We have used 
this controlled method m studies of the cleai- 
ance of urea, endogenous creatinine, inulin and 
diodrast m dogs The results will be published 
m another paper 

SUMMARY 

Controlled selective injury of specific parts of 
the renal units may be produced by means 
of chemical agents and the part of the proximal 
convoluted tubule affected identified This may 
be applied in the study of renal function 
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MYELOMALACIA OF THE CERVICAL PORTION OF THE SPINAL CORD, 
PROBABLY THE RESULT OF ROENTGEN THERAPY 

Lewis D Stevenson, M D , and Robert E Eckhardt, M D , Ph D , New York 


The side eftects of roentgen therapy are prin- 
cipally (a) direct injury to the cells as evi- 
denced by necrosis, vacuolation of the cytoplasm 
and abnormal mitoses, ( b ) vascular changes, 
characterized by endothelial thickening and pro- 
liferation, with resultant thrombosis, and degen- 
eration of the elastica and the muscle cells of 
the media"; (c) hyahnization of the collagen 1 
These changes occur in all tissues, including 
those of the central nervous system However, 
it is the vascular change which seems to offer 
the most serious complication of radiation ther- 
apy directed to the central nervous system 2 
It has been our experience to observe a man 
believed to have a metastasis of lymphoepithe- 


area to the left of the midhne The Klme test was nega- 
tive Biopsy of this lesion revealed lymphoepithelioma 
Roentgen therapy was given through five portals as out- 
lined in the accompanying table This first course of 
therapy was given from Oct 21, 1941 to Jan 2, 1942 

This exposure was followed by complete disappearance 
of the lesions The patient complained only of dryness 
of the pharynx and the nasal passages, an inevitable 
result of the radiations he had received In November 
1942 a necrotic area developed in the midline of the 
posterior part of the hard palate, which responded to 
local irrigations 

He was examined at approximately three month 
intervals thereafter On Sept 8, 1943, a 2 cm node 
was found lying in the soft tissues over the insertion 
of the right sternocleidomastoid muscle To this node 
he received 4,500 r (15 X 300 r) with 200 kilovolts, 15 
milliamperes, at 50 cm target skin distance and with a 


Roentgen Treatments 


Portal 

Location 

Size, Cm 

Treatments 

A 

Intraoral 

2 5 around 

10 X 400 r 

B 

Right temporal 

0 around 

16 x 250 r 

O 

Left temporal 

G around 

16 X 250 r 

I) 

Right cervical 

13 x G 

16 x 250 r 

E 

Left cervical 

12 x 9 

23 x 250 r 


Factors 


J , 
Target 


Kilo 

volts 

Milli 

amperes 

Slun Dis 
tnnce. Cm 

Filters, Mm 

Total r 

200 

15 

40 

0 5 Cu + 1 A1 

4,000 

200 

15 

50 

1 Cu + 1 A1 

4000 

200 

15 

50 

1 Cu + 1 A1 

4,000 

200 

15 

50 

1 Cu + 1 A1 

4,000 

200 

15 

50 

1 Cu + 1 A1 

5 750 


lioma of the nasopharynx after intensive roent- 
gen therapy to the neck and the oropharynx 
Postmortem examination revealed not the ex- 
pected metastasis but myelomalacia probably 
secondary to vasculai changes from the radiation 
therapy 

REPORT Or A CASE 

F K , a 43 year old Turkish waiter, when first seen in 
the New York Hospital Clinic, on Sept 29, 1941, com- 
plained that he had noted a painless swelling of the 
left side of the neck for three months He gave a 
history of having had syphilis for fifteen years, previ- 
ously treated for four months by injections made in the 
hip and the arm On the left side was a firm, non- 
tender, freely movable postauricular node, 3 by 2 bj 
2 cm , and on the right some smaller (0 5 cm ) firm, 
nontender freely movable posterior cervical nodes Care- 
ful examination of the nasopharynx, with the patient 
under local anesthesia, revealed a 1 5 cm grayish-co\ ered 


From the departments of pathology and medicine of 
the New York Hospital and the Cornell University 
Medical College 

1 Warren, S Physiol Ret 24 225, 1944 

2 Warren, S Arch Path 35 127, 1943 


filter of 0 5 mm of copper and 1 mm of aluminum 
The node disappeared, and an ulcer of the skm over the 
site healed promptly In the early part of November 
he began to notice stiffness in the left arm and the left 
leg, and when this progressed to the point where he 
was no longer able to carry on his work, he was 
admitted to the hospital, December 29 On admission 
he said that he had first noted jumping of the left leg 
while riding in the subway tram or sitting with his legs 
crossed This was followed by stiffness and clumsiness 
of the left arm and the left leg He became constipated 
and found that on three occasions he had urinated in- 
voluntarily His penis felt dead, and he had become 
impotent General physical examination disclosed noth- 
ing remarkable except for induration of the tissues of 
the neck m the region of the previous radiation therapy 
Roentgen examination of the chest revealed only apical 
pleural thickening and mild emphysema Neurologic 
examination revealed hyperreflexia of the left side, left 
finger stretch, absence of abdominal reflexes of the left 
side and a Babmski sign on that side There was 
marked motor weakness of the left side, not including 
the face These signs were interpreted as indicating 
disease of the left corticospinal tract below the head 
Reexamination three days later showed that a finger 
stretch and a Babmski sign had appeared on the right 
side, that sensation to pinprick was lost below the third 
thoracic segment bilaterall>, that sensation of heat was 
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lost below the fourth cervical segment bilaterally but 
that sensation of touch was normal throughout Lumbar 
puncture showed clear spinal fluid under an initial 
pressure of 100 mm of water Manometnc findings 
were normal The protein was 42 mg per hundred 
cubic centimeters , the cell count, 0 , the colloidal gold 
curve, 1122111100, and the Wassermann reaction of 
the spinal fluid, negative The urine and the blood count 
were unremarkable, and the Mazzini flocculation test 
of the blood for syphilis was negative An electro- 
encephalogram showed a normal record, class II-I 
It was felt that these abnormalities might rise from 
a rapidly expanding intramedullary lesion in the region 
of the fourth cervical segment, possibly a metastasis 


(11 X 300 r), with 200 kilovolts, IS milliamperes at a 
50 cm target skin distance and with a filter of 0 5 mm of 
copper and 1 mm of aluminum, was given 

Despite the therapy the patient’s condition became 
progressively worse He had increasing difficulty clear- 
ing mucus from his throat, a left-sided headache de- 
veloped, and there was evidence of paralysis of the 
intei costal muscles with signs of atelectasis and broncho- 
pneumonia in both lungs On Feb 24, 1944 he died, 
apparently of respiratory paralysis, oxygen and mor- 
phine being of no avail 

Autopsy — There was 100 cc of serous fluid m each 
pleural cavity There were scattered areas of con- 



Fig 1 — Section of the cervical region of the spinal cord stained for myelin It shows cxtensne demyelina- 
tion and areas of necrosis 


Cervical laminectomy was therefore performed and the 
cervical part of the cord explored on Jan 5, 1944 The 
cord and the dura from the sixth cerwcal vertebra to 
the foramen magnum appeared normal, with no evidence 
of epidural or intramedullary growth and no apparent 
lascular changes 

Following operation there was no improvement in 
this man’s condition rather the signs and sy mptoms 
progressed to include both sides, and complete urinary 
incontinence developed Since it was thought that the 
laminectomy had ruled out late radiation fibrosis and 
adhesive arachnoiditis of the cord, a course of roentgen 
therapy was directed to the cerwcal cord for the 
possible effect on any undisclosed metastasis Through 
an 8 cm portal in the posterior cerwcal region 3,300 i 


solidation in all lobes, paiticularh in the upper lobe 
and both lower lobes of the right lung There were 
large areas of fibrous pleuial thickening over both upper 
lobes 

An increased amount of cei ebrospinal fluid was noted 
in the meninges 

The bony trabeculae of the vertebrae were slightly 
softer than usual The marrow was gray-red 
Mic> oscopic Observations — The lungs showed patchy 
areas of consolidation with alveolar edema fluid and 
cells which were mainly polymorphonuclear 

Ho tumor cells were seen m the nasopharynx Tissue 
from the region of the laminectomy' revealed atropln 
of muscle fibers and proliferation of muscle sheath 
cells, with formation of mononuclear giant cells and 
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ductlike structures that in places simulated a true gland 
No tumor cells were seen Several sections including 
bone and soft tissue showed profound injury compatible 
with that produced by roentgen rays, with atrophy of 
bone marrow and foci of necrosis, and perivascular 
infiltrations, but no thrombosis of vessels 
The vertebral marrow was infiltrated in large areas 
by epithelial cells with collections of lymphocytes, con- 
forming with the diagnosis of lymphoepithelioma 
Sections through the cervical region of the spinal 
cord, stained for myelin sheaths, showed extensive loss 
of myelin in the anterolateral columns of both sides, 
somewhat moie marked on one side than on the other 
There was also considerable loss of myelin in the 


changes There was little reactive gliosis in the de- 
myehnated areas or elsewhere Sections of the cord 
m the thoracic and lumbar regions showed no such 
vascular changes but merely wallenan degeneration ot 
the descending pathways — chiefly of the pyramidal 
tract 

COMMENT 

Lyman, Kupalov and Scholz 3 demonstrated 
experimentally in dogs that loentgen rays have 
a profound effect on the central nervous sys- 
tem It was their conclusion that this effect is 
not due to a primary effect on the neuions, but 



Fig 2 — Small artery in the white matter with a greatly thickened fibrous wall and a narrowed lumen, sui- 
rounded by demyehnated areas A few lymphocytes can be seen m the outer portion of the arterial wall 


posterior columns of the spinal cord In the de- 
my elinated areas a number of small necrotic foci were 
present (fig 1) The meninges were normal Sections 
of the same region stained by the trichrome method 
showed extensive changes in the blood vessels of the 
white matter and the grav matter These changes for 
the most part were fibrous thickening of the smaller 
arteries and arterioles with considerable narrowing of 
the lumens of these vessels (fig 2) About some of the 
vessels, a few lymphocvtes were present in the peri- 
vascular spaces, and an occasional mononuclear cell 
was present in the adventitial coat of the artery 
Sections stained with hematoxylin and Sudan III showed 
the demvehnated areas to be densely packed with cells 
containing fat There was an excessive amount of fat 
in many of the cells of the anterior horns The cells 
of the anterior horns were reduced m number, and some 
of them showed vacuolation and other degenerative 


results fiom changes secondary to a profound 
vascular reaction consisting of hyaline degeneia- 
tion and obliterating scleiosis of arterioles Col- 
well and Russ 4 and Stafford Warren (Duggai 5 ) 
likewise reached the same conclusion Alpers 
and Pancoast, 0 howevei, did not observe thick- 


3 Lyman, R S , Kupalov, P S, and Scholz, W 
Arch Neurol & Psyclnat 29 56, 1933 

4 Colw ell, H A , and Russ, S X-Ray and Radium 
Injuries Prevention and Treatment, London, Oxford 
University Press, 1934 

5 Duggar, B M Biological Effects of Radiation, 
New York, McGraw-Hill Book Company, Inc, 1936 

6 Alpers, B J , and Pancoast, H K Am J 
Cancer 17 7, 1933 
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ening of vessels m human brain tissue surround- 
ing tumois which had been subjected to radia- 
tion Smithers, Clarkson and Strong 7 described 
a case in which a lesion of the spinal coid de- 
veloped one year and three months after the 
patient leceived theiapy for a carcinoma of the 
uppei third of the esophagus A Brown- 
Sequard syndrome resulted from a unilateral 
lesion m the left side of the spinal cord at the 
level of the third and fourth thoracic segments 
The lesion was intramedullar)’-, and theie was 
no sign of block in the spinal subarachnoid canal 
It was postulated that the lesion could only be 
one of intramedullary gliosis, 1 e , spinal gliosis, 
which may 01 may not be an early stage ot 
s\ ringomyeha The cerebrospinal fluid was nor- 
mal and the Wassermann reaction negative The 
level of the lesion was in the previously 11 radi- 
ated region, and it was calculated that the spinal 
cord at this point received a dose of 5,800 r 
m thirty-nine days No postmortem obseivations 
w’ere available, since the patient was still living 

We are presenting our case because we believe 
that the lesion observed lepiesents an unusual 
end result of radiation therapy not previously 
leported in the literature The fact that metas- 
tases of the lymphoepithelioma were found in 
the vertebral bone marrow at autopsy is suf- 
ficient indication that intensive radiation therapy 
was necessary When depth-dosage factors are 

7 Smithers, D W , Clarkson, J R , and Strong, J 
A Am J Roentgenol 49 606, 1943 


taken into consideiation, it may be calculated 
that our patient received from 6,000 to 8,000 r 
at the level of his spinal cord It was the opinion 
at the time of admission that this amount ot 
ladiation could not have been lesponsible for the 
clinical appeal ance of this man on admission 
and the progress of his disease aftei admission 
The fact that postmoitem microscopic examina- 
tion levealed degenerative changes of the spinal 
cord closely associated with thickened arteriolar 
walls warrants the conclusion that the degenera- 
tive changes were secondarily the lesult of the 
radiation therapy 

SUMMARY 

A man received intensive ladiation therapy 
in the cervical region for lymphoepithelioma of 
the nasopharynx About two years later signs 
of transverse myelitis developed in the region 
of the fourth cervical segment This myelitis 
progressed and eventually led to death from 
respiratory paralysis At laminectomy the cord 
appeared normal Furthei radiation therapy w as 
without effect on the corn se of the disease Post- 
mortem examination revealed myelomalacia of 
the cervical part of the cord, m the vicinity of 
which many thickened arterioles with fibrous 
walls could be seen This is believed to be an 
unusual reaction to roentgen lay therapy directed 
to the neck, but one which must be kept m mind 
when such therapy is contemplated 
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Dermoid and teratomatous tumors of the 
mediastinum are lelatively raie Hertzler 1 m 
1916 reviewed the literature as far back as 1825 
and was able to find only 72 reported cases 
Hedblom 2 m 1933 added 113 cases Phemistei, 
Steen and Volderauer 3 in a later survey to and 
including July 1936 stated that reports of 208 
cases had been published, of which only 48 weie 
cases of teratoma Houghton 4 reported an 
instance of true teratoma of the mediastinum and 
found only 24 cases m the literature that he 
■would accept as being cases of cancerous medias- 
tinal or mtrathoracic teratoma 

The literature from 1930 to the present date 
(June 1944) has been reviewed, and several 
other cases should be added to the aforemen- 
tioned suiveys The following investigators 
have leported single cases of teratoma arising 
from the thiee germ layers Hablutzel 5 , 
de Castro and Paireira 6 , Moir 7 , Stanbury and 
Chile 8 , Wheatley 9 , Cooper and Henry 10 , Doran 
and Lester 11 , Becker 12 , van Joost and Ivopp, 13 
and Aguilar 14 Two cases have been described by 
Cabot 15 Harrington 16 reported 6 cases m which 
the tissue elements had arisen from all three 
germ layers One of these cases is included in 
the i eview of Houghton 4 

1 Hertzler, A E Am J M Sc 152 165, 1916 

2 Hedblom, C A J Thoracic Surg 3 22, 1933 

3 Phemister, D B , Steen, W B and Volderauer, 
J C Am J Roentgenol 36 14, 1936 

4 Houghton, J D Am J Path 12 349, 1936 

5 Hablutzel, C Schweiz med Wchnschr 63 1308, 

1933 

6 de Castro, J R , and Parreira H An de med 
mt 3 935, 1934 

7 Moir, P J Brit M J 1 463, 1936 

8 Stanbury, W S , and Chile, W A J Tech 
Methods 16 52, 1936 

9 Wheatley, G M Am J Dis Child 54 1057, 
1937 

10 Cooper, D A , and Henry, C M Internat Clin 
2 253, 1939 

11 Doran, W T, and Lester, C W J Thoracic 
Surg 8 309, 1939 

12 Becker, B J P South African M J 13 659, 
1939 

13 \an Joost, C R N F, and Kopp, J G Geneesk 
tijdschr \ Nederl -Indie 81 969, 1941 

14 Aguilar, H D Publ d centio de invest tisiol 
4 309, 1940 

15 Cabot, R C New England J Med, 211 689, 

1934 224 207, 1941 

16 Harrington, S W J Thoracic Surg 7 191, 
1937 


The accounts of seveial unusual instances of 
teiatoma have been published Struthers 17 
reported a case of teratoma of the thymic gland 
m an infant 5 months of age The thymic duct 
was still piesent Fox and Haspers 18 described 
2 unusual teratomatous tumors of the anterior 
mediastinum, one from two germ layers at least, 
and the other containing tissue of both lipo- 
sarcoma and rhabdomyosarcoma Schenck 19 re- 
ported a congenital teratoma of the aorta m a 
stillborn infant Somolmos 20 published an 
account of a teratoma of the pencardium arising 
fiom all three germ layers 

It is the purpose of this publication to repoit 
a case of cancerous teiatoma of the mediastinum 
arising fiom all three germ layers 

REPORT OF A CASE 

An enlisted man, white, aged 29, was admitted to a 
station hospital June 7, 1943, with a complaint of a 
hard, dry cough The onset of the cough was about 
three weeks prior to admission He had been coughing 
mostly at night, and the prone position seemed to 
aggravate and induce paroxysms The patient had re- 
ported on sick call about three days after his symptoms 
were first noted At that time a swelling of his neck 
was discovered Shortly thereafter his collars were 
tight The swelling in the neck, according to the pa- 
tient, had not been progressive 

Examination revealed the skin to be smooth and 
elastic with a few lesions of acne on the posterior 
aspect of the chest The face was florid The neck 
revealed a mass m the left anterior cervical triangle, 
measuring about 10 by 6 cm , extending down sub- 
sternally and also filling the suprasternal notch The 
mass was soft, rubbery, without tenderness and movable 
The trachea and the larynx were displaced 3 to 4 cm 
to the right The thyroid gland appeared to be buried 
beneath the mass The veins of the neck were engorged 
The veins of the left upper region of the chest and the 
left arm were widely dilated The patient’s temperature 
throughout his hospitalization ranged between 99 and 
100 F 

A roentgenogram of the chest revealed a dense homo- 
geneous mass occupying the entire upper mediastinum 
and extending into the neck Its lower border was at 
the level of the ninth thoracic vertebra It extended 
widely into the midlung fields bilaterally, and its outline 
was fairly smooth The trachea was displaced to the 


17 Struthers, R R Canad M A J 26 68, 1932 

18 Fox, J P , and Haspers, C A Am J Cancer 
28 273, 1936 

19 Schenck, B M Rec 144 276, 1936 

20 Somolmos, G Arch cardiol \ hemat 17 152, 
1936 
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right and compressed Densities were present m the 
light cardiophrenic angle, which were interpreted as a 
pneumonic piocess or as atelectasis due to mucus 
On June 10, a lymph node in the left side of the 
neck was obtained for biopsy The node was almost 
completely replaced by tumor tissue with the exception 
of a hemorrhagic pole seen grossly Microscopically, 
this area contained a number of residual lymph follicles 
separated by proliferating trabeculae Most of the 
normal nodal tissue had been replaced by neoplastic 
cells These were arranged in sheets and broad cords 
of neoplastic cells measuring from 30 to 60 microns in 
diameter The nuclei were highly vesicular, with a 
delicate nuclear membrane and a single or double stellate 
or spheroid nucleolus The cytoplasm was moderately 


sternum and m the left axillaiy and the left scapular 
region Treatment with roentgen rays of high voltage 
was given over a period of seven weeks, totaling 32 
exposures with a total of 3,525 r being delivered to the 
skin During the early part of the therapy the mass 
regressed 2 cm It then maintained its size A new 
nodule appeared in the sternal notch, which became 
piogressively larger A short course of treatment with 
an unfiltered mixture of erysipelas toxin and Bacil- 
lus prodigiosus cultuies (Coley’s toxin) was given 
without any apparent beneficial result Because of the 
failure to elicit further regression m the size of the 
tumoi and because of the patient’s desire to be nearer 
home, arrangements were made for transferring him 
to another general hospital Fn route, the patient and 




Tig 1 — Photograph of the gross specimen showing the small cystic areas in many portions of the teratoma 


abundant, pale staining, granular and foamy, with oc- 
casional areas of distinct cell outlines Frequent mitotic 
figures were present throughout, both regular and 
atvpical forms A number of tripolar figures w'ere 
present A diagnosis was made of lymphadenoma of 
the reticulum cell tvpe Biopsy specimens were for- 
warded to a histopathologic center The opinion of 
the pathologist was that the neoplasm in the cervical 
l\mph node was metastatic and was possibly representa- 
tnc of a metastatic teratoma of the testis Slides w'ere 
then forwarded to the curator of the Army Medical 
[Museum, and the following report was received ‘We 
believe that the tumor is metastatic m the cervical lymph 
node It is too undifferentiated to permit speculation 
as to the primary site ” 

The patient was transferred to a general hospital 
There were dilated veins over the upper portion of the 


Ins attendant missed a tiam connection He was ad- 
mitted to a general hospital in the city to rest and 
walked into the admitting room Shortly after admis- 
sion the patient became dyspneic and was given oxygen 
No particular significance was attached to this phe- 
nomenon, as the patient’s attendant stated that this had 
happened on several occasions On this occasion, how- 
ever, the patient became progressively worse, and death 
ensued 

Autopsy — The neck was markedly enlarged, particu- 
larly m the left supraclavicular region The neck 
measured 17 cm in width The axillary and inguinal 
lymph nodes were palpable but small The liver ex- 
tended 7 5 cm below the xiphoid process There was 
about 300 cc of clear straw-colored fluid in each pleural 
cavity The superior mediastinum was wide and filled 
with a hard tumor mass Tile mass extended down 
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over the pericardium and through the superior apeiture 
of the thoracic cage into the lower portion of the neck, 
particularly on the left side The pericardial sac con- 
tained about 200 cc of clear straw-colored fluid On 
lemoval the tumor mass measured 18 5 cm in width, 
17 5 cm in its superior-inferior aspect and 9 6 cm in 
thickness It completely surrounded the ascending por- 


tion of the aorta and part of the arch The trachea 
was not involved The tracheal lymph nodes were only 
slightly enlarged On cut section the tumor mass con- 
tained strands of what appeared to be fibrous tissue 
Small cystic areas were scattered throughout The 
tumor was hard, and alternate areas of pink and yellow 
were noted Areas of hemorrhage were also present 
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Fig 2 — Photomicrographs of various tissue elements in the mediastinal teratoma N, B, and C, choriocar- 
cinomatous elements A, tissue resembling endometrium with cytogenic stroma and glands in \anous stages of 
presen ation X 100 B, tissue resembling choriocarcinoma The “villus” structure contains clear cells of the 
Langhans type X 100 C, high power \iew of cells in B Note the syncytial cells and others with paler c>to- 
plasm and lesiculai nuclei X 400 D, E and F, other epithelial structures D, clear cell pseudo pearl for- 
mation AIanj solid clear cell nests scattered throughout the tumor resembled closeh adrenal cortical tissue 
X 120 E, metaplastic transition of clear cell epithelium such as that in D from a simple columnar type X 90 
T lndropic degeneration m quasisqtiamous C}st lining X 150 
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The tumor showed no spread into either pleural cavity 
by direct extension The neck was thoroughly dissected 
The thyroid gland was not involved in the neoplastic 
process No discrete lymph nodes were found The 
entire tumor mass in the neck appeared to be an ex- 
tension of the mediastinal neoplasm The trachea was 
markedly compressed where it passed through the 
superior aperture The lungs were thoroughly dissected, 
and no neoplasm was found The testes did not contain 
any tumor masses 

Miooscopic Examination — The tumor was sur- 
rounded by a fibrous capsule The matrix of the 
tumor was composed principally of myxomatous tissue 
and loose fibrous connective tissue Scattered through- 
out almost every section examined were cysts lined 
with many different types of epithelium Some cysts 
were lined with cuboidal epithelium, with an eosm- 
stainmg homogeneous material in the lumens Other 
cysts contained little or no material in their lumens 
The epithelial structures ranged from the simple col- 
umnar to the pseudostratified columnar type In several 
of the sections the cysts were lined with stratified 
squamous epithelium The lumens contained desquama- 
ted keratinized material, marked parakeratosis was 
also present Cross sections of blood and ljmph vessels 
were scattered throughout almost every section In 
a few' slides there were cells comparable to the cortical 
cells of the adrenal gland Small areas of necrosis 
were scattered throughout No extensne areas of 
hemorrhage were seen m any section examined Tissue 
was present resembling endometrium with cytogemc 
stroma and glands in various stages of preservation 
Other areas resembled choriocarcinoma 

COMMENT 

There are man)' and vaned classifications ot 
teiatoma of the mediastinum Hedblom 2 de- 
scribed three types of teratoma ( 1 ) epidermoid 
cyst containing only derivatives of ectoderm, 
(2) a dermoid type from ectoderm and mesodeim 
and (3) the true teratoma fiom all three 
embryonic layers Askanazy 21 divided the true 
teratoma into two types (1) the adult or 
cutaneous type and (2) the embryonal type, 
solid, of young growing tissues, with great 
mheient powers of proliferation Hairmgton 10 
observed that many mediastinal tumors may 
appear to be of the simple dermoid type, yet if 
careful sections of the wall are made, various 
tissues may be found which have arisen fiom all 
three germ layers On this basis he objected to 
the classification of true teratoma as being a 
more or less solid tumor arising from all three 
germ layers and piefers to group all such tumors 
under the term “teratoma” and then qualify them 
according to the type of tissue which pre- 
dominates 

The teratoma heiem lepoited is the embryonal 
t) pe, solid, and composed of young growing 
tissues in which there aie cellular elements of a 
choriomatous type At first glance the cellular 
structure of the metastatic lesion in the cervical 
h mph node appeared to be entirely different 
from the mam tumor mass of the mediastinum 

21 Askanazi if, cited b\ Houghton 4 


The metastatic lesion apparently was a prolifera- 
tion from a single germ layer In many respects 
it had the appeal ance of a metastasis from a 
seminoma of the testis, and this possibility was 
suggested by one of the pathologists reviewing 
the case Figure 2 B illustrates a villus which 
when examined under high magnification (fig 
2 C) contained large pale cells of the Langhans 
type associated with masses suggestive of the 
syncytium noted m the metastatic lesion The 
laige pale glycogen-nch cells m the lymph node 
also lesembled the chorionic cells of Langhans 

Numeious hypotheses have been formulated 
to explain the relationship of teratoma, par- 
ticularly that of the testis and the ovary, and the 
appeal ance of choriocarcinomatous elements 
Schlagenhaufei 22 advanced the theory that every 
choriocarcinoma arises from an embryonal 
teratomatoid element m which there is cancerous 
prohfeiation of an isolated blastomatous element 
with prohfei ation of fetal chorion Ewing 23 
lecoided a number of testicular tumors giving 
use to chorioma, in which several limited areas 
of syncytial cells were piesent, the origin of which 
was not clear Hemorrhage is not necessarily 
a constant feature of choriocaTcmoma With such 
a tumor hemorrhages may be absent oi negligible 
m multiple pulmonary metastases 

Little mention is made m the literature of 
choriomatous elements in mediastinal teratoma 
Aiendt 21 reported a case of gynecomastia m a 
20 year old man with a mediastinal teratoma 
showing choi local cinomatous transformation 
Houghton 4 was of the opinion that there could 
be a hormonal stimulus of a quiescent teratoma 
of the mediastinum from hyperplasia of the 
normal interstitial testicular cells, such a stimulus 
inciting unrestricted neoplasia of reproductive 
chorionic elements Beckei 12 described elements 
resembling choriocarcinoma m the pulmonary 
metastases of a mediastinal teratoma Chorionic 
villous stiuctures were piesent m the case of 
Doi an and Lester 11 and wei e intermingled with 
various tridermal structures According to 
Budde, 25 the totipotential cells of the blastomeres 
aie dissociated before the development of 
separate germ layers m those cases m which 
teratoma gives use to choriocaicmoma 

SUMMARY 

A solid teratoma of the mediastinum arose 
from all tluee geim layers m a white man 
aged 29 years The teratoma contained chorio- 
carcinomatous elements and had metastasized to 
a h mph node m the posterioi triangle of the neck 

22 Schlagenhaufer, cited by E\\ mg 23 

23 Ewing, J Neoplastic Diseases, Philadelphia, 
W B Saunders Company, 1941 

24 Arendt, J Fortschr a d Geb d Rontgen- 
strahlen 43 728, 1931 

25 Budde, M Beitr z path Anat u z allg Path 
68 512, 1921 
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COLLOIDAL PLASMATIC DISTURBANCES 
A CARBOHYDRATIC TYPE 

The anoxemic arteriosclerotogemc mechanism 
active m colloidal plasmatic disturbances differs 
fundamentally from that present in the vasotonic 
and the hydrostatic hypotensive and hypertensive 
disorders The interference with vascular oxy- 
genation here is not caused by stagnation or 
ischemia resulting from abnormalities in the speed 
of blood flow, the amount of blood supply and 
the pressure exerted by the vascular content on 
the vascular walls but is due to an impairment of 
the exchange of gases and other nutritive material 
through the interface between the blood and the 
vascular wall by the interposition of a film or a 
precipitate formed by some normally colloidally 
dispersed component of the plasma and causing 
subsequently a reduction m the permeability of 
the vascular walls Such a disturbance in the col- 
loidal equilibrium and stability of the plasma may 
be brought about by derangements in the quan- 
titative relations or the physicochemical status 
of the normal colloidal constituents of the plasma 
(proteins, carbohydrates, lipoids) or by the ap- 
pearance of abnormal endogenous colloids m the 
plasma (hypermacromolecular and hypomacro- 
molecular serum proteins) or by the introduction 
of exogenous colloidal agents into the blood for 
therapeutic or experimental purposes (gelatin, 
ovalbumin, azoprotems, chemoallergic antibodies 
and antigens, heterogenic glycogen, polyvinyl 
alcohol, methyl cellulose, pectin, acacia [Hue- 
P er ]) After injuring the endothelial lining 
through interference with its metabolic activity, 
these agents penetrate with the plasma into the 
mtima and finally also into the media of the vascu- 
lar wall and become an integral part of its struc- 
ture by being deposited in the interstices and by 
being taken up into the cytoplasm of endothelial 
cells and histiocytes In adjudging the morpho- 
logy appearance of the vascular changes elicited 
by these substances consideration must be given 


to the fact that colloidal lipoids and carbohydrates 
when taken up into the proteinic cytoplasmic 
matrix form a heterogenous emulsion giving rise 
to a foamy cytoplasmic structure The inclusion 
of proteinic matter in the cells, on the other hand, 
results m the production of a homogenous 
emulsoid 

The concepts just developed presuppose that 
molecularly or micellarly dispersed colloidal sub- 
stances are taken up by the endothelial cells of 
the vascular wall and penetrate into the vascular 
wall The normal artery is pei?neable for water, 
salt solution, dextrose, bile pigments and hemo- 
globin This permeability serves nutritional pur- 
poses The degree of permeability fluctuates with 
the width of the vessel, the blood pressure and the 
temperature (Zettler, Lange and Donomal, 
Lange and Sebastian) Many vasoactive drugs, 
such as sodium nitrite, theobromine, sodium 
salicylate, theophylline, theophylline ethylenedi- 
arnrne, mersalyl and others, produce a definite 
and rapid increase m vascular permeability, while 
other drugs of this type, such as calcium chloride, 
calcium gluconate and nicotine, depress the per- 
meability of the vascular wall 

Perfusion experiments on isolated pieces of 
arteries, as well as in vivo studies, have shown 
that highly dispersed colloidal dyes, such as 
fluorescein and naphthol yellow, diffuse into the 
vascular wall without changing the latter’s status 
of contraction (Zettler) Petroff injected col- 
loidal solutions of tiypan blue and lithium car- 
mine into rats and rabbits and found that these 
colloidal dyes penetrate first into the outer part 
of the media, then into the inner part and finally 
into the middle part, indicating that the dyes 
enter the vascular wall not onfy through the vasa 
vasorum but also from the vascular lumen by 
penetrating the mtima When vessels w^ere rinsed 
with these vital dyes, only the inner part of the 
media and the inner elastic membrane became 
stained Colloidally dispersed dyes present in the 
plasma thus enter the vascular w^all in the course 
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of the normal nutiitive piocesses of these tissues 
Dye solutions injected intravenously into rabbits 
pieviously given injections of epinephrine hydro- 
chloride accumulate in the injured necrotic and 
calcified parts of the vascular walls, indicating 
that the penetration of injured tissues by colloidal 
matenal piesent m the plasma is accentuated 
Okuneff confirmed these observations, using 
trj pan blue, which he injected into cats and dogs 
He found that the dye caused imbibition of the 
\ascular wall and accumulated m sites where 
Anitschkow noted the localization of lipoid spots 
The aoitas of labbits, guinea pigs, lats and mice, 
on the othei hand, did not exhibit this focal dis- 
tribution of the dye but showed diffuse imbibi- 
tion Glasunow then rinsed the aortas of lats, 
guinea pigs and labbits with a solution of tiypan 
blue and noted that aftei prolonged rinsing the 
posterior wall of the rat aorta was more intensely 
stained than the anterior aspect and that the 
orifices of the branches stood out because of their 
more pronounced staining Boysen showed m 
experiments on labbits with a Clark-Sandison 
window m the ejg- that mdia ink pai tides did not 
enter the endothelial cells of the capillaries, while 
trypan blue lemained in the blood in a state of 
colloidal dispersion Precipitation of the dye 
occurred onl) w hen the dye was taken up by pei 1 - 
\ ascular histioc) tes The endothelial cells re- 
mained free from d) e particles 
The reported experimental data provide definite 
pi oof that colloidally dispersed matter present in 
the plasma can entei the normal vascular wall 
Since the causal role of colloidal plasmatic dis- 
turbances m the pioduction of the atheromatous 
or the atherosclerotic type of arteriosclerosis can 
be most readily and convincingly demonstrated by 
the evidence obtained with exogenous macro- 
molecular carbohydrates, as they are normally not 
piesent m the blood and after then introduction 
do not participate in any physiologic process, the 
experimental atheromatosis and atherosclerosis 
elicited by the parenteral introduction of these 
agents will be presented first 

Exogenous Disturbances — S olutions ot 
polyvinyl alcohol methyl cellulose, pectin and 
acacia form emulsions with plasma As these 
agents displaj distinct film-forming properties 
thej' apparently coat the surface of the erythro- 
cvtes and thus interfere w ith the speed of oxy- 
genation of these cells (Hueper, Martin and 
Hueper , Christie, Phatak and Olney) Their in- 
troduction into the blood elicits the hematic 
macromolecular sj ndrome, which includes in- 
creased sedimentation and pseudoagglutination ot 
the er) throe) tes and colloidoclastic leukopenia, as 
well as reticuloendothelial and parenchymatous 


thesauroses similai to those pioduced by choles- 
terol and othei lipoids While polyvinyl alcohol 
and methyl cellulose are relatively stable and 
chemically comparatively meit, acacia and par- 
ticularly pectin are unstable and depolymenze in 
solution, especially on heating In solutions of 
pectin this process apparently pioceeds so rapidly 
and extensively on heating that autoclaved solu- 
tions of pectin do not give use to atheromatous 
changes, as the pectin molecules have been broken 
dow’n to molecules of such a small size as to 
peimit their ready passage through biologic mem- 
branes Macromolecular caibohydrates of the 
mentioned types winch elicited atheromatous le- 
sions had an average molecular weight ranging 
from 32,000 to 200,000 It may be pointed out 
that these substances foim stiaight chain mole- 
cules (polyvinyl alcohol, methyl cellulose, pectin) 
oi branched chain molecules (acacia) 

Polyvinyl Alcohol Athei omatosxs — Expen- 
mental studies (Hueper, Hueper, Landsberg and 
Eskridge , Young, Mulay and Christie , Katzen- 
stein, Wmternitz and Meneely, Fostei and Jen- 
kins) on dogs, rabbits and rats given mtia- 
venous and mtraperitoneal injections of aqueous 
solutions of polyvinyl alcohol have shown that 
this material is retained for prolonged periods in 
the blood plasma and is stoi ed in various organs 
(m the reticuloendothelial cells and histiocytes 
of the livei, the spleen, the kidneys, the lungs, the 
pancreas, the heait, the intestine, the bone mar- 
iow r , the adienal glands and the lymph nodes, in 
the endothelial cells of the aoita and the pul- 
monary, renal, coronary, cerebial, carotid and 
femoial arteries and glomerulai tufts and in the 
glia and ganglion cells of the biain) 

Points of resemblance between cholesterosis 
and retention of polyvinyl alcohol (winch may 
be termed polyvmylosis) aie supplied by the 
following facts Polyvinyl alcohol, just like 
cholesteiol, is chemically a relatively meit sub- 
stance winch forms with the plasma a finely dis- 
persed emulsion, paralleling the so-called pro- 
tective qualities of cholesterol, based on the high 
lesistance of this substance to enzymatic degia- 
dation and on its impermeability to many agents, 
polyvinyl alcohol displays comparatively marked 
chemical stability, refractonness to the enzymes 
of normal tissues and impermeability to fats, oils, 
greases and gases Because of its macromolecu- 
larity and the lack of adequate means of degrada- 
tion, polyvinyl alcohol is retained in the blood 
over long periods and tends to coat the inside 
of the vessels and the surface of the erythiocytes 
wuth a film This film is either the result of a 
coalescence of fine droplets of polyvinyl alcohol 
or is the product of a precipitation of this sub- 
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stance in the interface bctw een the plasma and the 
mtima, as the solubility of polyvinyl alcohol de- 
pends on concentration of salts and othei physico- 
chemical factors 

The foi mal genesis of the athei omatosis due to 
polyvinyl alcohol also follows closely the pattern 
displayed by that due to cholesterol The endo- 
thelium of the elastic vessels takes up the foieign 
matter from the blood and is transformed there- 
b} into large, swollen foam cells Following the 
leactive proliferation of the damaged endothelial 
cells which result m the foimatiou of moie 01 less 
thick cushions of foam cells, and subsequent to 
the penetration of the media by the polyvinyl 
alcohol, foam cell endothelial histiocytes imade 
the mnei part of the media The accumulation of 
polyvinyl alcohol in the endothelial histiocites 
and in the interstices of the media is followed by 
the appeal ance of small numbeis of fatty gianules 
in the endothelial foam cells and in the muscle 
cells of the media and in the polyvinyl alcohol in- 
filtrating these parts of the vasculai ivall While 
the fatty substances found in the endothelial 
lining may be derived fiom the blood, those pies- 
ent m the media are apparently the result of 
phanerosis and cellular decay The affected, 
usually markedly loosened, parts of the media 
reveal muscular degeneration and hyahmzation as 
well as disintegration of the elastic fibrils In 
animals given moderate amounts of polyvinyl 
alcohol these changes aie lestncted to the mnei 
third of the vascular wall Howevei, m animals 
w ith severe polyvmylosis there occui similar focal 
foam cell accumulations throughout the entire 
■vascular wall, especially m the perivasculai 
region of the vasa vasorum, which show undei 
such conditions foam cell swelling of their endo- 
thelium also The media of the oigamc muscular 
arteries often exhibits in addition to similar endo- 
thelial changes marked vacuolation of the muscle 
cells, the vacuoles being filled with globules of 
polyvinyl alcohol It may be mentioned that the 
atheromatosis due to polyvinyl alcohol not mfie- 
quently affects the aortic leaflets by direct exten- 
sion of the foam cell endothelial proliferation from 
the basal parts of the aorta upon the valves 
Occasionally, a more or less thick coating of 
foam cells covers the inside of the left auricle 
and permeates its entire wall Necrosis, hemor- 
rhages and newly formed capillaries are found 
in some of the more abundant foam cell prolifera- 
tions 

The atheromatosis induced with polyvinyl al- 
cohol thus closely resembles in developmental as 
w ell as m morphologic lespects the corresponding 
atheromatous change of the largei vessels and 
the lipoid degeneration of the media of the 


attenoles present in human atheromatosis Its 
coi 1 espondence with the experimental cholestei ol 
athei omatosis is equally close not only as to de- 
velopment and moiphology but as to local dis- 
tubution, since the ascending poition of the aorta 
of the animal given polyvinyl alcohol exhibits 
moie marked athei omatous lesions than the ab- 
dominal part On the othei hand, the atheroma- 
tosis due to polyvinyl alcohol does not display 
the species-specific limitation possessed by ex- 
peinnental cholesterol atheromatosis This dis- 
tinction of the polyvinyl alcohol atheromatosis is 
evidently due to the fact that no species is pro- 
■vided with a metabolic mechanism capable of 
disintegrating this synthetic, foieign macio- 
molecular material 

In contrast to cholestei ol atheromatosis m man 
the atheromatosis due to polyvinyl alcohol does 
not show an)' tendency tow^aid calcification in 
lesions up to three months old However, a 
calcifying type of polyvinyl alcohol athei omatosis 
can be elicited by combining parenteral admmis- 
tiation of polyvinyl alcohol with oral ingestion of 
excessive amounts of vitamin D Puppies 2 to 3 
months old leceivmg 25 cc of a 5 pei cent solu- 
tion of polyvinyl alcohol intravenously twuce a 
week and 50,000 to 250,000 units of vitamin D 
daily by mouth until a total of 8 to 10 million 
units has been given during a period of fifty-five 
days show, m addition to extensive polyvinyl 
alcohol atheromatous lesions and scatteied medial 
calcifications m the aorta, partially calcified 
atheromatous foci in the aorta, pancreatic arteiy 
and, most extensively, m the left auiicle The 
laige platelike calcium inci ustations of the thick- 
ened foam cell endocardium affect mainly the 
neciotic portions and are located m that pait of 
the heart where the blood has a lowered carbon 
dioxide tension favoring the piecipitation of cal- 
cium salts (Wells) 

While these obseivations are of distinct im- 
portance fiom the standpoint of pathology, the 
information which they yield in regard to the 
causal genesis of atheromatosis and arterioscle- 
iosis is of even greater significance The data 
piesented permit the conclusion that polyvinyl 
alcohol present m the blood as a finely dispersed 
emulsion and coating the vasculai endothelial lin- 
ing of the blood vessels interferes with the noi- 
mal and adequate exchange of the various gaseous 
and liquid nututive substances and waste metab- 
olites between the blood and the inner third 
of the vascular w'alls The resulting cellular in- 
jury is intensified wdien the polyvinyl alcohol is 
taken up by the endothelial cells and infiltrates 
the vascular wall, causing further clogging of 
the normal filtration membrane The reactne 
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proliferation of the endothelial cells and their 
foam cell transformation produce atheromatous 
lesions The physicochemical qualities of poly- 
vinyl alcohol films toward fatty substances and 
the absence of any appreciable amount of fat- 
stamable material in these lesions, as well as of 
any hypercholesteremia, exclude any significant 
1 ole of lipids in the development of these vascular 
changes 

Methyl Cellulose Athei oinatosis — Methyl cel- 
lulose, another highly polymerized carbohydrate, 
elicits when injected into dogs and rabbits 
hematic and organic reactions which closely re- 
semble those produced by polyvinyl alcohol 
(Hueper, Hueper and Ichmowski, Katzenstem, 
Wmtermtz and Meneely) Like polyvinyl alco- 
hol, it is a hydiophihc colloid with film-forming 
qualities which produces when introduced mtra- 
peritoneally or intravenously into the blood the 
hematic macromolecular syndrome and is retained 
there over long periods, forming an emulsion 
with the plasma It is deposited in the reticulo- 
endothelial cells and histiocytes of the lung, the 
heart, the liver, the spleen, the kidneys, the 
adrenal glands, the lymph nodes, the choroid 
plexus, the hypophysis and the small intestine, in 
the parenchymatous cells of the liver and in the 
endothelial cells of the elastic and muscular ar- 
teries and of the glomerular tufts 

The early vascular change usually consists of 
a focal foam cell transformation of the endothelial 
lining This is sometimes preceded by a localized 
budlike or cushion-like proliferation of the endo- 
thelial cells In some instances, just as in poly- 
vinyl alcohol atheromatosis, the endothelial lining 
appears to be intact and an accumulation of foam 
cells is found beneath it, resting on the internal 
elastic membrane In somewhat older intimal le- 
sions there appears a proliferation of fibroblasts 
and of hyaline matter together with a decrease in 
the number of foam cells With severe degrees 
of methylceliulosis, foam cells and free methyl 
cellulose-plasma emulsion penetrate the internal 
elastic membrane and invade the media A foam 
cell transformation of the endothelium of the 
large vessels and foam cell accumulations around 
the vasa vasorum are then seen Ultimately the 
entire vascular vail may be converted into a 
thick mass of foam cells under complete destruc- 
tion of the media Such changes occur particu- 
larly frequently in the myocardial and uterine 
arteries Characteristic of the atheromatosis due 
to methyl cellulose is the appearance of focal and 
sometimes extensive hyahnizations and calcifica- 
tions in the media beneath the foam cell intimal 
cushions An isolated area of diffuse severe cal- 
cinosis of the media is occasionally seen m 


medium-sized muscular arteries without any 
intimal foam cell reactions being present This 
type of arterial reaction resembles closely the 
Monckeberg type of mediocalcmosis m man Its 
occurrence under these circumstances indicates 
that colloidal plasmatic disturbances may play an 
important role m the production of such lesions 

The character of the vascular reactions elicited 
was identical regardless of the average molecular 
weight of the methyl cellulose used Seven types 
of methyl cellulose were employed m the experi- 
ments, ranging m molecular weight from 32,000 
to 140,000 These observations furnish another 
illustration suggesting that substances circulat- 
ing in the olood and similar in physicochemical 
properties (chemical inertness, colloidal disper- 
sion, nonpenetrabihty to nutritive and metabolic 
elements) are capable of producing atheromatous 
arterial lesions by impairing the oxygenation and 
nutrition of the vascular wall when deposited or 
precipitated on and m the vascular walls 

Pectm Atlio omatosis — Additional confirma- 
tion of this concept was obtained when solutions 
of pectm were injected into dogs and rabbits 
(Hueper) Pure citrus pectm, which has an 
average molecular weight of 200,000 and which 
consists of polymenzed galactuionic acid mole- 
cules with various additional groups, elicits the 
hematic macromolecular syndrome and thesau- 
rotic phenomena m the liver cells, the reticulo- 
endothelial cells and histiocytes of the lungs, the 
liver, the spleen, the kidneys, the hypophysis, 
the choroid plexus and the bone marrow and in 
the endothelial cells and walls of the large and 
small arteries and of the glomerular tufts 

The primary vascular changes consist of small 
focal proliferations of the endothelial cells which 
stud the vascular lining like small seeds These 
primary reactions grow to small elevated endo- 
thelial cushions which show a scanty accumula- 
tion of foamy cytoplasmic matter Later larger 
cushions of foam cells appear which finally in- 
vade the media This invasive response is asso- 
ciated with the appearance of large mononuclear 
cells within the cushions and in the media There 
is a definite tendency of the larger cushions either 
to break down and ulcerate or to degenerate with 
disintegration of the foam cells, proliferation of 
fibroblasts and deposition of calcium salts The 
final stage of this development is represented 
by hyaline and locally calcified thickenings of the 
mtrma Hyaline degenerations of the media are 
found in the aorta, the pulmonary artery and the 
lenal arteries 

These observations, which confirm those made 
in connection with polyvinyl alcohol atheroma- 
tosis and methyl cellulose atheromatosis, suggest, 
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moreover, that the speed with which degenera- 
tive, hyahmzmg and calcifying changes occur 
in atheromatous lesions depends on the metabolic 
stability of the causal atheromatogemc substance 

Acacia Athei omatosis — Acacia, anothei chem- 
ically complex, highly polymerized hydrophilic 
macromolecular carbohydrate, elicited when in- 
jected mtiavenously into dogs and rabbits a 
hematic macromolecular syndrome and storage 
reactions in the liver cells, the reticuloendothelial 
cells and histiocytes of the spleen, the lymph 
nodes, the kidneys, the adrenal glands and the 
lungs and in the endothelial cells of aorta and 
the glomerular tufts (Hueper) The foam cell 
mtimal thickenings, howevei , were infrequent and 
small, while medial hyalimzations and calcifica- 
tions were somewhat more frequent The rela- 
tively moderate degree of the atheromatous 
responses observed in dogs and rabbits m spite of 
prolonged treatment with large amounts of acacia 
solution in high concentration is probably at- 
tributable to the instability of the macromolecules 
of acacia and the resulting fleeting nature of the 
disturbances in the colloidal plasmatic equilib- 
rium These observations are of clinical im- 
portance, as large amounts of acacia solution are 
injected intravenously into patients with nephro- 
sis to counteract the existing hypoproteinemia, 
v hich is usually associated with hyperlipemia and 
hypercholesteremia, giving rise to atherosclerotic 
reactions 

Glycogenic Vascular Reactions — In glycogen 
storage disease (von Gierke’s disease), which is 
characterized by the hematic macromolecular syn- 
drome and the deposition of glycogen in the liver, 
the heart, the kidneys and the brain, hyperglyco- 
genemia is accompanied by hypercholesteremia 
(vanCreveld, Wagner, von Gierke, Krakower, 
Beumer and Loeschke, Unshelm, Siegmund) 
Degenerative, sclerosing or atheromatous vas- 
cular lesions have not been observed m the rela- 
tively few cases of this disease, affecting mainly 
young children, which have come to autopsy 
There are, however, several cases of this disease 
on record m which glycogen was found m unusual 
amounts in the endothelium and muscularis of 
small arteries (von Gierke , Kimmelstiel , Hum- 
phreis and Kato , Antopol, Heilbrunn and Tuch- 
man , Hertz and Jecklen , Wolff) Hueper in- 
jected glycogen solution intravenously into 2 dogs 
daily for a period of thirty days and observed 
reactions of the blood conforming with the 
hematic macromolecular syndrome, focal edema- 
tous mtimal swellings of the aorta and localized 
hyalimzations of the media of the aorta and some 
coronary and renal arteries In view of the small 
number of animals used, the short duration of 


the experiment and the 1 datively small amounts 
of glycogen injected, the glycogenic origin of 
these moderate vascular reactions is merely sug- 
gestive 

Summaiy — The obseivations recorded show 
that repeated intravenous or mtraperitoneal in- 
jections of excessive doses of various highly 
polymerized macromolecular carbohydrates which 
are used or proposed for use as plasma substi- 
tutes elicit, m addition to colloidal plasmatic dis- 
turbances, atheromatous arterial reactions which 
are morphologically identical with those seen m 
man and produced in rabbits by the feeding of 
cholesterol The similarity between these experi- 
mental carbohydratic atheromatoses and the 
hpoidal ones extends to the topographic distri- 
bution of the atheromatous reactions within the 
vascular tree, the physicochemical conditions of 
the plasma underlying them and their relation 
to the causal mechanism responsible for the de- 
velopment of mediocalcmosis The hyalme- 
calcmotic mtimal thickenings representing the 
cicatricial end results of the atheromatous 
changes, on the other hand, are indistinguishable 
morphologically from similar lesions originating 
on a different causal basis 
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COLLOIDAL PLASMATIC DISTURBANCES 
B LIPOIDAL TYPE 

Intimal lipoidal deposits, which in then pure 
foim are represented by atherosis oi atheioma- 
tosis and which appeal in connection with fibios- 
mg and hyalimzing processes as atherosclerosis, 
are the most fiequent lesions of the laige elastic 
aitenes, but occui also in the laigei musculai 
arteries (coronary, cerebral, pulmonaiy and lenal 
aiteries and, less often, splenic and mesentenc ai- 
tenes and branches of the celiac axis) (Ophuls, 
Bork, Sappington and Horneff , Wolkoff, 
Veise) Artenes of the exti entities contain, as 
a rule, only nunoi oi model ate atheiomatous 
lesions (Sappington and Hoineff, Hesse, Kus- 
netzowski) unless special causal factois, such as 
diabetic hypercholesteremia, pievail (Hines and 
Barker , Sappington and Fishei ) However, even 
undei these conditions mediocalcinosis lemains 
the chaiactenstic lesion of the arteries of the 
low'd extremities The significance of atheioma- 
tous changes in the aorta and the coionaiy ai- 
tenes is lllustiated by a statement of Leaiy to the 
effect that practically all of the arteriosclerotic 
lesions of the aorta and the coronary arteues are 
of the fatty foim Haythorn, Taylor, Ciago and 
Burner mentioned, however, that during the ad- 
i anced stage of aoi tic athei osclei osis there occui s 
ovei lapping of type lesions (atheromatous cysts 
diffuse mediocalcinosis and plaque formation) 

Theories as to the Origin and Etiologic 
Importance or the Lipoids in the Atheroma 
or the Arterial Intima — The lole of choles- 
terol in the genesis of the intimal atheromatosis 
and of the intimal and medial calcinotic leactions 
often associated noth the lipoidal leactions of the 
arteries and the ongm of this substance have le- 
mained highly controveisial subjects Some 
(Virchow , Thomas , Faber , Lange , Staemmlei , 
Moschcowitz , Beitzke) have asserted that choles- 
terol together with other fats is hbeiated m 
fibrous-hyaline intimal thickenings dui mg the 
course of necrobiotic processes and thus repie- 
sents merely a b} -product of the i egressive phase 
of intimal arteriosclerotic lesions Beneke 
apparently held a similar opinion when he con- 
tended that intimal lipoidosis is the result of con- 
tinued vascular tension or pressure The pres- 
ence of cholesteiol deposits in the vasculai 


lesions, accoidmg to the neciobiotic theory, is 
purely incidental Many otheis (Aschoff, Rib- 
bert, Marchand, Burger and Schlomka, Lu- 
baisch and others) have held that as a part of 
the colloidal aging process a loosening of the con- 
nective tissue ground substance of the intima 
precedes the appearance of cholesteiol, which 
enters the altered mtima together with the plasma 
from the vascular lumen and is retained there 
especially by the mucoid matter, which possesses 
a particular affinity for cholesterol (Schultz, 
Aschoff, Hueck, Saltykow , Stumpf, Torhorst, 
Voigt , Ssolowjew' , Nordmeyer) This process of 
intimal imbibition of plasma with deposition 6f 
cholesterol is facilitated by hypercholesteremia 
Hirsch and Wemhouse, and Lande and Sperry, 
again emphasizing the importance of primary 
changes in the intimal tissues foi the precipita- 
tion of cholesterol, recently stated that cholesterol 
has no specific significance m the production of 
atheromatosis but acts indirectly through its in- 
fluence on the physicochemical state of the plas- 
matic lipoids as a wdiole The lole of cholesteiol 
in the production of atheiomatous changes, ac- 
cording to Aschoff’s theory of colloidal aging, is 
mainly a passive one, conditioned by primal y 
colloidal senescing changes in the vascular wall 
Leary has recently modified this theory by 
claiming that cholesterol is introduced into the 
subendothehal tissue by cholesteiol ester-con- 
tainmg lipophages that penetrate the intact endo- 
thelial lining These cholesterol-carrying hpo- 
phages which are specifically attracted by the 
arterial intima are derived from desquamated 
foam-cellular reticuloendothelial cells of the livei , 
the adienal glands and the lungs ajid show, ac- 
coidmg to Leary, all conceivable transitions be- 
tween lymphocytes, large mononuclear cells and 
laige lipophagic cells when cu dilating m the 
blood Endothelial cells and intimal fibioblastic 
cells are primarily free from cholesteiol The 
alleged affinity of the vascular wall for these 
cholesterol ester-phagic cells is highly selective, 
as phagocytes containing othei substances aie 
not attracted by the arterial walls Leaiy claimed 
further that in eaTy youth the cholesterol esteis 
are tiansferred from the lipophages to the pio- 
hferatmg fibroblasts m the intima, which undei - 
take their metabolic destruction without the for- 
mation of collagen In latei life this quality of 
the fibi oblasts is increasingly lost by the arteries 
except m the ascending part of the aoita As 
there occurs then no prolifeiation of fibi oblasts, 
the foam cells accumulate in the intima and give 
rise through necrobiotic dismtegiation to the 
formation of atheromas Cholesteiol assumes in' 
this lipophagic theory a place secondary to the 
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specific “affinity ot the vasculai tissues, as it is 
the object of attraction,’’ while the tissue leac- 
tivity is the impoitant and vanable factoi, ac- 
counting foi the difteient anatomic types of 
lesions chaiactenzing vanous age penods 
A fourth theory was advanced seveial yeais 
ago by Winternitz, who asseited that the pii- 
marj event in the evolution of an atheroma is 
repiesented by the penetiation of newly foimed 
capillaries extending eithei fiom the vasculai lu- 
men or from the rasa vasoium into the intima 
Following the occuirence of hemoiihages fiom 
such mtimal capillanes, cholesteiol contained m 
the plasma and liberated from the disintegiating 
blood cells appeals in the decomposing hemor- 
rhagic foci and thus gives use to the ultimate 
foi mation of neciotic intimal thickenings con- 
taining cholesterol and fat The lole of cho- 
lesterol in the foi mation of atheromas is evidently 
only a fortuitous one, accoiding to this capil- 
lanzation tlieorj 

Anitschkow and Ins many follow eis (Beneke, 
Rosenthal, Ciamei), on the othei hand, main- 
tained that the deposition of cholesterol in the 
arterial ultima is the result of h) pei cholestei emia 
The plasmatic cholesterosis leads in this theoiy 
to rascular changes (Koppenhofei ) as the 
cholesterol is taken up by the endothelial cells 
and subendothelial phagocytic cells, which aie 
tiansformed thereby into foam cells, wdnle at 
the same tune the lipoid-contamuig plasma seeps 
into the interstices of the ultima giving use to 
accumulations of extracellulai lipoidal mateual, 
especially along the internal elastic membiane, 
which acts as a filtiation barriei for the plasmato- 
gemc tissue juices Quantitative fluctuations in 
the cholesterol content of the plasma, according 
io this hypercholesteretnic theoiy, appeal as the 
significant factor m the genesis of athei omatosis 

Hueper recently came foi th with a new theory 
m which it was contended that the atheromatous 
piocess is initiated by an imbalance of the 
plasmatic colloid equilibrium causing the pie- 
cipitation of a cholesteiol film on the intima 
Such a film, it was claimed, inteifeies with the 
pi opei exchange of gases and nutritive sub- 
stances between the blood and the vasculai wall, 
as cholesteiol in a precipitated form is chem- 
ically relatively inert and impermeable to many 
substances The lesullant injury to the endo- 
thelial cells causes inci eased permeability of the 
endothelial fining and pi oliferation of the endo- 
thelial cells, which take up cholesteiol and aie 
thereby transformed into ioam cells A similar 
conversion into foam cells takes place in the 
ntima where cholesteiol contained in the plas- 
matic fluid penetiating into the subendothelial 
space is phagocytosed by histiocytes The in- 


stability of the plasmatic colloidal solution ot 
cholesteiol which staits this chain of events m 
the vasculai w r all may be due to quantitative 
imbalance in the cholesteiol content (hyper- 
cholesteiemia), 01 it may lesult fiom an mciease 
of substances in the plasma which deciease the 
dispersion of cholesteiol and theiefoie favor its 
piecipitation 01 fiom a deciease of substances 
which enhance the dispel sion of cholesteiol The 
ph) sicochemical propeities of cholesteiol de- 
cidedly influencing the oxygenation and nutrition 
of the vasculai wall are significant factoi s in the 
pioduction of cholesterol atheromatosis, accord- 
ing to Hueper ’s anoxennc theory, which is based 
on the analogous conditions piesent m the athei o- 
matoses elicited by polyvinyl alcohol, methyl 
cellulose, pectin and acacia 

Inasmuch as the relative merits of the vanous 
theories cannot be properly evaluated without 
giving due consideiation to noimal and abnormal 
cholesteiol metabolism, a brief lesume of the pei- 
tinent mfoi mation on this subject is given fiist 
Cholesterol present m the blood and in the 
tissues is m part synthesized m the body, in pait 
it oiigmates fiom the animal food ingested, such 
especially as eggs, buttei , milk, lai d, brain and 
meat Phytosteiols contained in vegetable 
matter aie not absoibed by the animal organism 
(Schonheimer and Yuasa, Schonheimei, von 
Belli ing and Humel, Schonheimer) Blooi 
stated that milk contains about 0 2 Gm of chol- 
esterol per Iitei , egg yolk about 1 9 Gm , and 
skeletal muscle 0 07 to 0 09 Gm jier kilogram 
Hueck estimated that a baby when bieast fed 
consumes daily about 49 to 97 mg of cholestei ol, 
and when on a mixed diet, about 62 mg He 
estimated that adults on a fat-pooi diet receive 
betw een 39 and 109 mg daily, those on a mixed 
diet between 200 and 362 mg and those on a 
high fat diet up to 1,400 mg Milk contains 
cholesterol mainly in the form of esteis, wheieas 
meat and brain contain mostly fiee cholesterol 
Cholesterol added in a di y form to food poor m 
fat is not absorbed by the intestinal mucosa 
Foodstuffs rich m fat oi oil, on the othei hand, 
dissolve cholesterol, w r hich is emulsified m the 
intestine through the action of bile acids, pai- 
ticularly by desoxycholic acid and its alkaline 
salts, less by tauiochohc and glycochohc acid 
(Wieland and Sorge) In the absence of fatty 
acids, fiee and esterified cholesteiol does not pass 
the intestinal mucosa The lymph of the thoiacic 
duct contains 25 to 30 pei cent of the total 
cholestei ol in the fi ee form , the balance is m the 
ester foim, bound to fatty acids (Blooi , Hueck) 
mainly- of the unsaturated reactive type (Blood, 
Blake and Bullen) A sinnlai ratio (2 1) of 
esterified cholesterol to fiee cholesterol is noted in 
the plasma, which noimally contains from 130 to 
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230 mg of cholesterol in 100 cc , while the bile 
contains fiom 39 to 61 per cent fiee cholesteiol 
Cholesterol is not leadily degiaded metabohcally 
(Burger and Schlomka) and is excreted with 
bile, sebum, milk, intestinal secietion and urine 
and through the skin, the lungs and the bionchi 
Both free and estenfied cholesterol are aniso- 
tropic and occur in the plasma m colloidal dis- 
persion (Bruger) The plasmatic cholesterol 
lepresents the bulk of the total blood cholesterol 
content as only lelatively mmoi amounts of 
cholesterol are contained in leukocytes and 
eiythrocytes Since cholesterol is a hydro- 
phobic colloid, it is held in colloidal dispei sion by 
the presence of hydrophilic colloids (lecithin, 
piotem) (Degwitz, Huscli and Weinhouse) 
Remesow noted that the labile hydrophobic 
cholesterol mycelle can be converted into a hydro- 
philic one by the addition of protein, carbohy- 
drate oi fat Cholesterol-plasma piotem ad- 
dition products occur in the plasma (Bennhold) 
The close physicochemical lelations between 
these two substances aie demonstrated, more- 
over, by the fact that 70 pei cent of the total 
cholesterol is precipitated with the protein by 
the salting out method Weinhouse pointed out 
that cholesterol is bound to albumin by secondary 
valences or is combined with it through opposite 
electrical chaiges holding protein micelles and 
high molecular aggregates of lipoid molecules to- 
gether or becomes associated with protein by 
simple physical enmeshing This attraction be- 
tween cholesterol and protein aggiegates results 
in a uniform dispei sion of discrete lipoid mole- 
cules throughout the protein micelles It is 
apparently for these reasons that Bruger found 
m ultrafiltration experiments on transudates and 
exudates that membranes which were not per- 
meable to proteins did not permit the passage of 
cholesterol, indicating thereby that cholesterol 
exists m these plasma-like fluids in laige molecu- 
lar aggregates approximating the protein micelles 
in size and resembling them in other physical 
properties The firmness of the binding of choles- 
terol to protein can be varied in vitro by the ad- 
dition of small amounts of dextrose or salts to 
serum and appears to be changed after the intra- 
venous injection of crystalloid solutions, accord- 
ing to Handovsky While molecular cholesteiol 
is chemically relatively nonreactive, colloidally 
dispersed cholesterol is chemically highly active, 
displaying strong reducing qualities and oxidase 
activity (Remesow) 

Lipsclntz, on the other hand, suggested that 
cholesterol may impair oxidative processes 
Cholesterol, which in contrast to proteins and 
phosphatides has practically no electric charge, 
acts electrically as an insulating agent which in- 
hibits the permeability of membianes and thus 


the movement of ions to a degiee corresponding 
with the amount of cholesteiol present in the in- 
terface Wacker and Hueck pointed out that 
cholesterol esters accumulate at sites of high car- 
bon dioxide tension and proposed that a relation 
exists between this process and the inhibition of 
oxidation Obseivations made by Maitm and 
Hueper on the reduced speed of oxygenation of 
the erythrocytes of hypercholesteremic rabbit’s 
support this concept The biologic activity of 
cholesterol thus depends m pait on its effect on 
membranes (Thannhausei , Hueck, Epstein) 

It may be mentioned in this connection that 
hypercholesteremic thesauiosis of the spleen le- 
sults m the development of an anemia (Olcey and 
Greaves, Member, Ehrlich and Bruger) which 
has apparently the same hyperplastic splenic 
genesis as that seen in other hpoidal and carbo- 
hydratic thesauroses of this organ (Hueper) 
The anemiogemc effect of cholesterosis, how- 
evet, must be distinguished from the transitory 
i eduction m erythrocytes associated with alimen- 
tary hyperlipemia and caused by the increased 
erythiocytic fi agility and destruction elicited by 
the action of fatty acids and soaps (Johnson, 
Freeman, Longmi and Loewy, Longim and 
Johnson, Dupee, Johnson, Marchello, Wilner 
and Freeman) The hyperlipemia often accom- 
panying hypercholesteremia may accentuate, on 
the other hand, the development and the severity 
of the splenogemc anemia by increasing the rate 
of destruction of erythrocytes 

The stability of the colloidal cholesterol solu- 
tion is highly important It is influenced by the 
cholesterol-lecithin ratio (Medvei, Tannenberg, 
Hueck), the hydrogen ion concentration, the 
amount of albumin, the bile acids and other fac- 
tors While SS and SH groups in the protein 
molecules decrease the precipitabihty and in- 
crease the dispersion of cholesterol, NH„ groups 
have an adverse effect on these conditions 
(Dirr) Kimmelstiel noted that the addition of 
galactosides to mixtures of cholesterol and 
cephalin or lecithin favors the precipitation of 
cholesterol Addition of dextrose exerts a simi- 
lar effect on cholesterol sols An increase of 
cholesterol or other hydrophobic colloids there- 
fore causes instability of the colloidal dispersion 
of cholesterol and its agglomeration into larger 
particles This leaction is lesponsible for the 
appearance of opalescence m hypercholesteremic 
plasma Free cholesterol leacts, moreover, with 
a arious toxins and hemolytic substances (sapon- 
ins, digitonm), forming thereby addition pro- 
ducts with lowered stability (Gngaut, Ransom, 
Ehrentheil and Weis-Osborn, Kollert, Lee and 
Tasi, Kyes and Sachs) Through its esterifi- 
cation with unsaturated fatty acids it may par- 
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ticipate in the metabolism and tiansport of these 
substances (Bloor, Hurxthal and Hunt) 

Burger found that the aitenal blood contains 
regularly about 11 pei cent more cholesterol than 
the venous blood and concluded therefrom that 
the blood lipoids undergo during their passage 
from the aiterial to the venous side quantitative 
and qualitative changes This observation agiees 
m principle with those made by several investi- 
gators concerning the arrest of cholesteiol in the 
pulmonary capillaries, wheie cholesterol is tem- 
poiarily kept and esterified (Remesow and Ta- 
vaststyerna, Abelous and Soula, Zinseilmg, 
Engel-Cserna , Kaufer) Remesow and Ta- 
vaststyema, howevei, pointed out that appaiently 
only the labbit’s lung metabolizes the ariested 
cholesterol injected intravenously, while the dog’s 
lung treats it like a foreign body This species- 
specific difference m the reactivity of the lungs of 
herbivorous and carnivorous animals may ac- 
count foi the fact that Shillito, Bidwell and Tur- 
ner did not find any significant variation in the 
cholesterol content of the blood befoie and aftei 
passage through the lungs Kovats noted that 
the blood coming from the spleen contained a 
highei fraction of esterified cholesteiol than that 
in the blood going to this organ 

The validity of the necrobiosis theory of Vir- 
chow and others rests mainly on the observa- 
tion that m marked fibrous and hyaline primary 
thickenings of the intima the development of 
necrotic piocesses is associated with the appeal - 
ance of fat, including cholesteiol, and of usually 
only a small number of foam cells This fact, 
houever, does not justify the conclusion that the 
majority of fat-contammg mtimal lesions aie of 
this genesis There are a large numbei of reli- 
able observations attesting that the deposition of 
fat, usually togethei with some fibroblastic pro- 
liferation, is a primary leaction of the aiterial 
intima Chemical analyses of the fat content of 
atheromas have shown, moreover, that during 
the early stages of athei omatosis the lipid and 
lipoid composition of the athei omatous content 
(55 to 60 per cent esters, 23 to 26 per cent free 
cholesterol, 20 per cent othei lipids) is sumlai 
to that of the blood Among the various analyses 
made (Wells, Schonheimer, Kimmelstiel, 
Rosenthal , Page and Menschick , Lehnhei i , 
Meeker and Jobhng, Zeek, Lande and Speiry, 
Hirsch and Weinhouse, McArthur) those of 
Schonheimer, Hirsch and Wemhouse, Lande 
and Sperry, and McArthui revealed that the ratio 
of free cholesterol to estenfied cholesteiol in the 
atheromatous matter is about the same as that of 
the plasma, indicating the hematogenous origin of 
the lipoidal material McArthui noted, moreover, 
that the fatty acids present in the esters are oleic, 
palmitic, hnoleic and arachidomc acid and some 


other peti oleum-insoluble unsaturated acids The 
most striking difference between the fats in athe- 
romas and those m normal tissue is m the neutral 
fats fraction, accoi ding to McArthui , as the fats 
of atheromas are 13 to 27 pei cent neutral fats, 
whereas the proportion of these m the fats of 
normal plasma and blood cells is 35 to 41 per 
cent, suggesting that glycerides either are not 
absorbed from the plasma or undergo subsequent 
decomposition in the mtima The results re- 
ported by Hnsch and AVeinhouse support the 
last-mentioned mechanism, as they found that the 
cholesterol content increases and the neutral fat 
and fatty acid contents drop sharply duung a 
more advanced stage of the atheromatous de- 
velopment and undergo during the final stage a 
leveisal of these quantitative lelations 
The oiigmal colloidal aging theoty of Aschoff 
does not take proper account of the fact that the 
chemical, physical and morphologic changes oc- 
cuinng in artenes with age aie independent of 
atherosclerosis The presence of lipoid spots m 
the aoitic mtima of babies and juvenile persons, 
moreover, demonstrates clearly that the changes 
of aging aie not essential for the deposition of 
lipoids m the intima, while the rapidly increasing 
number of obseivations on the frequency of 
typical athei osclerosis, paiticularly of the coro- 
nary arteries, in young adults sufif ei ing from dis- 
eases accompanied by distuibances of the choles- 
terol content of the blood provide additional evi- 
dence against the validity of this theory The 
experimental pioduction of the so-called arcus 
senilis of the cornea resulting from the precipi- 
tation of cholesterol m this tissue and attributed 
by Aschoff to senile dehydration of the colloids 
has been accomplished m cholesterohzed rabbits 
by Schonheimer, Verse, Kolen and Rosenthal 
Joel, moreover, demonstrated the occurrence of 
arcus senilis in young and middle-aged adults 
having an increase m blood cholesterol but show- 
ing no evidence of premature senescence in any 
other organ As the experimental arcus senilis 
is partly reversible, it is likely that any local 
tissue changes m the cornea are likely to be 
secondary and not primary and that the pre- 
cipitation of cholesterol in this nonvasculanzed 
tissue, resembling in this respect the inner part 
of arteries, is based on physiologic conditions 
and not on pathologic ones The arguments of 
Lande and Sperry and of Hirsch and Wem- 
house in favor of unknown factors in the tissues 
of the blood vessels which allegedly favor the 
deposition of lipoids are based on the observation 
that the atherosclerotic lesions develop during 
adult life without any appreciable elevation of 
blood cholesterol or obvious abnormality of the 
blood lipids It will be shown later m the discus- 
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sion of the various hypei cholestei emic condi- 
tions that these contentions are not generally 
applicable since the evidence available on this 
matter does not suppoit such generalizations 
Hirsch and Wemhouse, as well as Kimmelstiel, 
concede, moieover, that the mam cause of pre- 
cipitation of the lipoid, in cholesterohzed labbits 
as well as in man with essential xanthomatosis 
may be of hypercholesterennc-hyperhpemic (cho- 
lesteatotic) origin and not related to any tissue 
factoi of senile or undetermined nature 

The lipophagic theory of Leaiy is based on 
several assumptions and unconfirmed observa- 
tions One of the fundamental contentions of 
his theory deals with the presence of foam cell 
lipophages in the blood which are specifically 
attracted to the arterial wall While it is pos- 
sible that a few such cells circulate in the blood 
after being released from their normal sites m 
the spleen, the liver, the adrenal glands, and the 
lungs, there is no additional confirmatory evi- 
dence from any other souice that these cells aie 
of any significance in the production of ather- 
omas, 1 e , that they invade the subendothehal 
tissue by penetrating through an intact endo- 
thelial lining This is an important fact weighing 
against Leary’s theory in view of the huge amount 
of expei unental work that has been done on the 
pioduction of atheromatosis m rabbits and sug- 
gesting an incoriect interpretation of anatomic 
evidence It is, moreovei, not correct that the 
endothelial lining in experimental athei omatosis 
is intact, as it can readil} be shown not only that 
foam cell accumulations aie present beneath an 
apparently normal endothelium but that endo- 
thelial cells may become transformed into foam 
cells while the subendothehal tissue remains ap- 
parently intact (Hueper) Additional doubts as to 
the validity of this theon are derived fiom the 
fact that the foam cell reticuloendothelial piolif- 
eiations accompanying several lipoidoses (Nie- 
mann-Pick disease, Gaucher’s disease) do not 
give rise to athei omatous formations in spite of 
the fact that at least in Niemann-Pick disease foam 
cells containing anisotiopic material aie found 
m the circulating blood, which exhibits m some 
instances an elevated cholesterol level (Letterer, 
Zehnder , Hamperl , Baumann , Smetana , Tropp , 
Siegmund) The experiments of Hueper with 
polynnjl alcohol, methyl cellulose pectin and 
acacia have definitely shown that the alleged 
affinit} of the aitenal wall for foam cells is ap- 
parently not restricted to those containing 
cholesterol esters — assuming for the sake of ar- 
gument that the concept of Leary concerning 
the hematic origin of the subendothehal foam 
cells is correct The cited experiments of Hue- 
per, as well as subsequent ones performed by 


him on labbits fed cholesterol, have demon- 
strated, on the othei hand, that the endothelial 
cells, as well as the subendothehal histiocytes, 
take up the atheromatogenic matter and become 
convei ted thereby into foam cells The relatively 
low' incidence of athei omatosis m the arteries 
of the lung, where, according to Leary, the foam 
cells are arrested and the cholesterol is metabol- 
ized, speaks against his theoiy 

The doctrine of Leaiy concerning the age- 
conditioned differences m the leactivity of the 
artenal wall to the cholesterol-containing hpo- 
phages is untenable on considering the fact that 
the same morphologic and topogiaphic types of 
athei omatosis are observed m the young as 
m the old m connection with diabetes mellitus 
chronic renal disease, essential xanthomatosis 
and other hypercholesteiennc conditions What- 
ever differences may exist m this respect between 
various age gioups aie attributable to other fac- 
tors, such as static conditions, endocrnnc func- 
tion and the duration of exposure to the causal 
factoi s 

The teachings of Wintermtz in his vasculari- 
zation theory are based on the obseivation that 
the arterial w r all is often quite vascular in and 
adjacent to the region of atheromatous plaques 
It is in geneial lecogmzed, however, that these 
capillary proliferations which extend from the 
vasculai lumen and the vasa vasorum into the 
plaques are of secondary nature, appear only m 
advanced lesions and are not the cause of the 
plaque formation (Aschoff, Lear} , Schlossman 
and Geibei , Horn and Fmkelstem, Sumikawa 
Goldmann, Pateison, Hueper) They aie 
thought to be of leactive natuie, intended perhaps 
for the better resorption and removal of the de- 
posited lipidal or synthetic caibohydiatic matter 
In commenting on the theoiy of Wintermtz 
Scupham, de Takats, Van Dellen and Beck 
pointed out the following tw r o outstanding weak- 
nesses of this theoiy 

The first difficulty is that, while the demon- 
stration of anastomosing channels in the intima of nor- 
mal arteries of different animal species can be accepted, 
it is a fact that the aiteriosclerosis which occurs in 
such animals is most commonly medial, characterized 
by degeneration and calcification of this coat and not by 
atheromatosis, which is an important part of the lesion 
of simple intimal arteriosclerosis in man The second 
difficulty is that these authors have failed to demonstrate 
anastomosing channels m the intima of the normal 
human aorta and arteries, yet it is in this very location 
that simple artenosclerosis develops in man 

Hughes and Peiry made special mention of the 
fact that m a case of marked intimal thickening 
of the aoita m a gul 7 weeks old vascularization 
w-as absent, while Horn and Fmkelstem noted 
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that atheiosclerosis of the pulmonaiv ai tery is 
relatively lare although the wall of the pul- 
monaiv arterv is exceedingly vascularized 
Peary who studied the distribution of the vasa 
vasorum m the aoita, stated that atheroscleiosis 
develops m the ultima, i e , in a region farthest 
removed fiom the vasa vasorum, although the 
richer the anastomosing netw ork of the v asa in a 
given site, the greater is the likelihood that 
lesions will arise there It ma) be pointed out 
in this connection that the vasa vasorum m the 
laige veins penetrate to the intima (Schiefter- 
decker) but* that atherosclerosis of these v essels 
is quite uncommon and seen onl) in the presence 
of severe and prolonged h} percholestei emia and 
after administration of large amounts of polv - 
vinyl alcohol or methyl cellulose without an}* 
evidence of primary intimal vascularization com- 
plicated bv intramural liemoirhage Hemorrhages 
into atherosclerotic plaques have been observed 
lepeatedly in man (Wintermtz, Thomas and Le- 
Compte, Waitman, Nelson, Paterson, Horn 
and Finkelstein, English and Fmkelstem) to- 
gether vv ith the origin of intimal capillai les fi om 
the lumens of sclerotic arteries The observa- 
tions of Zinserhng on organizing cardiac tluombi 
on the other hand, show ed that lipoid masses and 
foam cells appeared m the supeificial parts of 
thrombi which were exposed to the surrounding 
blood and derived apparently from the infiltrat- 
ing lipoid-contammg plasma The available evi- 
dence lends little support to the theory of Win- 
ternitz and mainly opposes it 

The hv percholesteremic theory of Anitschkow 
holds that cholesterol in the form of an emulsion 
with the ly mph infiltrates the vascular wall and 
becomes adsoibed there to the ground substance 
and the surface of the elastic fibrils For the 
development of the resulting atheromatous lesions 
it is not essential, according to the available 
clinical and experimental evidence, that the hy- 
percholesteremia is persistent or that an appieci- 
able increase m the blood cholesterol exists at 
all as long as there are factois active which 
cause pi ecipitation of the cholesterol in the 
intima Such factors of local type may be of 
physicochemical nature causing instability of the 
cholesterol sol, or they may be represented by 
a relativ el) slowed metabolism delaying the 
elimination of this substance, or they maj appear 
m the form of an increased amount of giound 
substance accentuating the adsorption and re- 
tention of cholesterol The cellular and fibullar 
proliferative processes are legarded as secondaiy 
reactions to the presence of cholesterol (Anitsch- 
kow ) 

These concepts hav e not remained un- 
challenged Thus Hirsch and Wemhouse noted 
that the specific significance of cholesterol m 


experimental atheiosclerosis is uncertain, while 
the role of the mciease of the othei lipoids and 
their 1 elation to cholesterol aie equally obscuie 
Hypercholesteremia as the cause of athero- 
sclerosis has not been demonstrated convmcmgl) 
m man m the opinion of these mvestigatoi s 
Page as vv ell as Kimmelstiel, is equally skeptical 
in this respect and considers the importance of 
cholesteiol in the genesis of atherosclerosis as 
much overemphasized and definitely unceitam 
In view of these objections against the theory of 
Anitschkow it appears pertinent to review the 
lelationslnp which exists between hypercholes- 
terenna and atherosclerosis m man and expen- 
mental animals 

Endogenous Disturbances Associated 
with Hypercholesteremia and Instability 
of Plasmatic Colloidal Lipoids — Bihai y Ob- 
st) uctwn — H) percholesterenna characterized by 
a relatively low cholesteiol ester fraction (30 
to 50 per cent of the total cholesterol) is 
associated with diseases causing obstruction 
ot the bile ducts and thereby interfering with 
the elimination of cholesteiol with the bile 
(Gardnei , Hurxthal and Hunt, Stepp, Burger 
and Habs, Epstein and Greenspan) The co- 
existence of clnonic jaundice and xanthomatosis 
has been leported (Pye-Smith, Smith, Schulte, 
Murchison, Futcher, Moxon , Gnll-Addison , 
Hertzler) Fagge recorded a case of chronic 
jaundice and multiple xanthoma of the skm and 
of the aitenes (aorta and pulmonary ai ten ) , 
whereas Gabbe mentioned the occurrence of 
chronic hepatic disease, tuberous xanthomatosis, 
angina pectons and coi onary arteriosclerosis 

Essential Xanthomatosis — Hypercholestere- 
mia with predominance of the ester fraction 
accompanies familial essential tubeious xantho- 
matosis (Thannhausei , Burger, Svendsen 
Nekam and Ottenstem, Polano, Letterei , Mul- 
ler , Gi uenfeld and Seelig , Bloom, Kaufman 
and Stevens, Dauksys, Engelberg and Newman, 
Lane and Goodman) The coexistence of this 
type of xanthomatosis with cardiovascular dis- 
eases a fleeting often young persons and causing 
sudden death has been obseived (Gwynne, 
Hess , Svendsen Lane and Goodman , La- 
powski, Lehzen and Knauss, Wise, Wolff, 
Muller, Engelberg and Newman, Bloom, Kauf- 
man and Stevens, Fagge, Poensgen Weidman 
and Boston, Chalatow , Weber, Arnmg, Mont- 
gomery, Thannhauser and Magendantz) In 
some of these cases the diagnosis of xanthoma en- 
docaidn was made In others there were attacks 
of angina pectoris or theie was hypertension 
related to atherosclerosis of the renal arteries 
(Engelberg and Newman) In some of these 
cases as well as m additional ones, the post- 
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mortem examination showed extensive and not 
infrequently nodular atheromatous-xanthoma- 
tous mtimal lesions in the large elastic and mus- 
cular arteries m the endocardium (Arnmg and 
Lippmann, Harbitz, Lubaisch, Bross, Schulte, 
Balzer, Hoffmeyer) It is characteristic of the 
vascular manifestations accompanying this li- 
poidosis that the atheromas are composed of 
masses of foam cells (vasculai xanthomas) and 
that particularly the ascending part of the aorta 
and the coronary and pulmonary arteries are in- 
volved The atheromatous changes noted in the 
pulmonary \ essels resemble closely those seen in 
connection with pulmonaiy fibiosis caused by 
chronic empyema and caseous pneumonia, 1 e , 
m conditions in which large amounts of hpoidal 
cytolytic material aie liberated (Pagel , Fischei ) 
The foam cell proliferations in the smaller ar- 
teries are sometimes so extensive that they oc- 
clude the vascular lumens, while they may nai- 
row considerably the lumens of large aiteries 
(Lehzen and Knauss) In such cases foam cells 
may penetrate through defects of the intei nal 
elastic membrane into the media The vasa vaso- 
rum of such vessels are often involved by the 
same process Degenerative changes in even 
large foam cell proliferations aie rare In old 
lesions there takes place a leplacement of the 
foam cells by fibrous tissue such as is seen m 
ordinary atheromas 

Hypercholesteremia without a shift in the ratio 
of free cholesterol to cholesterol esters is found 
in many cases of Hand-Schuller-Christian 
xanthogranulomatosis (Eppmger, Burger, 
Strong , Natali , Dauksys , Gross and Jacox) 
In seveial cases there was observed mtimal 
lipoidosis of the renal aitenes with atheromatous 
plaques in the aorta, which sometimes exhibited 
a xanthogranulomatous structuie with foreign 
body giant cells and giant cells of the osteo- 
clastic type (Natali, Heme, Chester, Hess and 
Scluldhaus) 

Diabetes Mellitiis — The disease, especially 
when not conti oiled by insulin, is often asso- 
ciated with a considerable increase m the chol 
esterol of the blood, which forms a part of the 
general hyperlipemia (Joslm, Warren, Hunt, 
Katsch and Kraimck , Gibbs , Buckner and 
Bloor , Rabmow itch , Schondoi ff , Sti auss , 
Schuetz) 

Diabetic hypercholesteremia, which is not in- 
frequently accompanied by the appearance of 
xanthelasmas, is also associated with an m- 
ci eased incidence of atheromatosis affecting 
mainly the coronary artenes and those of the 
lower extremities Rabinowntch stated that the 
usual time necessary for the development of 
arteriosclerosis in diabetes is five jears Dia- 


betic artenoscleiosis develops within this penod 
regardless of age (Rabmowitch, Richie and 
McKee) These investigators expressed the 
belief that an intimate relation exists between 
cardiovascular disease in diabetes and hyper- 
cholesteremia, which in their opinion is an im- 
portant factor m the pioduction of atheioscler- 
osis in the young patient with diabetes Hunt 
noted that artei losclerosis develops piematurely 
even m juvenile diabetic patients and is in- 
creasingly important as a cause of death m adult 
ones Similar observations weie made in this 
respect by many others (Joslm, Warren, Gibbs, 
Buckner and Bloor, Schuetz, Strome and 
Blaine, Dublin and Lotka, Root, Bland, Gordon 
and White , Davis and Warren , Blotner , Strauss , 
White, Vander Veei , Pilgersdorfer , Lisa, Magi- 
day, Gallorvay and Hart , Bell , Lisa, Magiday 
and Hart, Kauvar, Gelling, Dry and Hines) 
Dry and Hines estimated that the absolute in- 
cidence of artenoscleiosis to the degree of caus- 
ing arterial insufficiency is much higher m dia- 
betic than m nondiabetic patients (11 1) It 
is also known that an' obliterating atherosclerotic 
process m the arteries of the legs which is 
usually more common in men than m women 
is much moie frequent m diabetic women than 
in diabetic men, leversing the usual sex latio 
(Dry and Hines, Collens and Wilensky) This 
apparent sex factor, however, may be related to 
the fact that diabetic women live longer than 
diabetic men 

It may be mentioned that athei osclei otic 
lesions of the aorta and of the coionary artenes 
have been found by Fishei, Dragstedt and 
Hueper m dogs suiviving complete panel ea- 
tectomy by sevei al months 

Hypothyi oidism — An additional source of 
hypercholesteremia exists m connection with 
hypothyroidism (cretinism, myxedema, athyie- 
osis), affecting young and old peisons alike 
(Gildea, Man and Peters, Bionstem, Gilhgan, 
Volk, Davis and Blumgait, iJeckschei , Mason, 
Hunt and Huixthal, Gardner and Gamsbo- 
i ough , Greene , Hurxthal , Hurxthal and Simp- 
son , Beutel , Fleischmann and Wilkins , Lerman , 
Means, Hertz and Lerman , Shelton , Wishcki , 
Zondek, Wilkins and Fleischmann, Wilkins, 
Fleischmann and Block , Thompson , Stokes , 
Fenz and Zell, Badwm, Michelson, Melmck and 
Gottfried) Similar observations were made m 
thyroidectomized animals (dogs, labbits, rats) 
(Chaikoff, Entenman, Changus and Reichert, 
Fleischmann, Shumacker and Wilkins, Heck- 
scher , Remond, Columbies and Bernardbeig , 
Juctschenko , Bollman and Flock , Thompson 
and Long, Omzawa, Messina, Fleischmann and 
Shumacker , Westra and Kunde , Sakurai , 
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Schmidt and Hughes) Ciaig, Lisser and Solev 
observed tubeious xanthomas in a case of ex- 
tieme myxedematous hypercholesteiemia Dun- 
can asserted that the hypercholestei enna usually 
present m peisons with mental detenoiation is 
the result of functional hypothyi oidism caused 
bj disuse of the thyroid gland It may be noted 
m this connection that hyperfunction of the thy- 
1 oid gland is associated w ith a low level of blood 
cholesterol (Schally) 

Hurxthal found that the mciease of seium 
cholestei ol in hypoth) roidism is not the result of 
lowered metabolism, as hypometabolic states ot 
adrenal or pituitary denvation aie not accom- 
panied by hypei cholesteremia This conclusion 
is supported by an observation of Page and Fan 
w ho reported that the hypercholesteremia associ- 
ated with nephrosis was not affected when thy- 
roid medication was given and thereby the low 
basal metabolic late elevated It must be men- 
tioned that in myxedema hypercholesteiemia and 
lowered basal metabolism are not the only abnoi - 
mahties present The minute i olume is lowered, 
the circulation tune is prolonged (Stewart and 
Evans, Wishcki), the number of erythiocytes is 
i educed (Thompson) , the eiythropoietic tissue 
is atrophied (Langhans), the plasma proteins and 
bicarbonates are increased, the excretion of cal- 
cium is decreased, the lipid phosphorus of the 
plasma is increased to the same extent as the 
cholesterol (Peters and Mari) and the distn- 
bution of cholesterol between the tissues and the 
plasma is shifted m favor of the plasma, while the 
excretion of cholesterol is unaltered (Fleisch- 
mann and Wilkins) 

The relation of these h) percholestei emic 
changes in hypothyroidism to the development 
and the incidence of atherosclerosis is estab- 
lished by the following observations De Couicy 
noted that atherosclerosis is a frequent compli- 
cation of myxedema Falta mentioned the pre- 
cocious occurrence of atherosclerosis m the adult 
foim of myxedema Black and Kampmeier re- 
ported that the correlation between arteno- 
sclerosis and hypothyroid states w r as first de- 
scribed as early as 1888 and recoided seveial 
cases of hypothyroidism complicated by coronary 
ai teriosclerosis The occurrence of large athei o- 
mas m the aorta and in other aitenes in cases 
of aplasia of the thyroid gland has been noted 
(Bourneville, Maresch , Marchand, Heyn and 
others , Rossle , W egelin ) Merkel reported m 
detail such a case with extensive aiterial athero- 
matosis and calcinosis Mason, Hunt and 
Hurxthal speculated on the basis of the hyper- 
cholesteremia observed in hypothyroidosis, stat- 
ing that if arteriosclerosis is associated with ab- 
normal retention of cholesterol together with de- 
creased output of calcium one w'ould expect a 


high incidence of arteriosclerosis in patients with 
myxedema and a lowered incidence in patients 
with hyperthyroidism Wegelin often noted m 
endemic cretinism athei osclerosis of all degrees 
and called attention to the fact that atherosclerosis 
is frequent m those parts of Switzerland and 
Austria in which endemic goiter pievails He 
concluded from this evidence that a severe le- 
duction m the basal metabolic rate favors de- 
position of lipoid and calcium Mai me de- 
scribed a case ot myxedema m which there was 
generalized athei osclerosis Hoelzer saw exten- 
sive calcinosis preceded by lipoidosis of the mus- 
culai arteries m a 3 year old girl with congenital 
athyreosis Isenschmid, as well as Wegelin, re- 
ported the occurrence of maiked ai teriosclerosis 
m cretins and attributed this to a metabolic 
cholestei ol disturbance Biuger and Rosen- 
krantz related the physiologic decrease of the 
thyroid activity and thus of the metabolism with 
age to the development of arteriosclerosis How- 
ever, as mentioned before, extensive investiga- 
tions on the blood cholestei ol level at various age 
periods have not shown any consistent elevations 
of this factoi with advanced age 

These obseivations in man were confirmed by 
those made in animals Von Eiselsbeig obtained 
in goats and sheep after thyi oidectomy seVteie 
aortic scleiosis and less considerable coronary 
arteriosclerosis Smnlai observations were 
made by Pick and Pmeles m 6 thyroidectomized 
goats, in which the sclerotic lesions affected the 
ascending part of the aorta, with calcinosis of the 
inner part of the media Falta noted that hyper- 
thyroidotic patients, on the other hand, rarely 
show atheromatosis, while Dungal reported that 
the inhabitants of Iceland, w'ho have small, well 
functioning thyroid glands because of an adequate 
intake of iodine, show' an unusually low rate of 
atherosclerosis of the large and small arteries 
Whereas the artificial production of hypothy- 
roidism w'as accomplished in the past mainly by 
sui gical or roentgenologic methods, recent studies 
have shown that this result can be obtained also 
by chemical means which mterfeie with the 
proper function and secretion of this gland, l e , 
by prolonged medication with potassium iodide 
or lodotyrosme (Ghahoungui and Zell), by ad- 
ministration of thiourea compounds, thiobarbi- 
turates, thiocyanides and sulfonamide compounds 
to man and animals and by feeding cabbage 
leaves oi Brassica seeds containing cyanides to 
rabbits (Astw'ood, Mackenzie and Mackenzie, 
Mackenzie, Mackenzie and McCollum, Richter 
and Clisby , Kennedy , Astw'ood, Sullivan, Bissell 
and Tyslowitz, Blum, Whitehead, and many 
others) Detailed studies as to the effect of such 
medication over prolonged periods on the choles- 
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terol metabolism and on the vascular system are 
still outstanding but seem to be important m con- 
nection with aviation medicine and the therapy 
of h) pei thyroidism 

Chi 0111 c Renal Disease — Hypercholesteremia 
is a frequent hematic reaction in chronic renal 
disease chaiacterized by degenerative processes 
of the tubules The rise in blood cholesterol ac- 
companying nephrosis may reach high figuies 
(1,400 mg per hundred cubic centimeters) , 
there is a paiticularly marked increase of the 
estei fi action as well as of phosphatides and 
tatty acids (Peteisihe, Lowenthal, Lichtenstein 
and Epstein , Gainsborough , Knauer , Blackman , 
Gilbeit Volhaid, Calvin and Goldbeig, Cook) 
It is usually combined with severe hypopro- 
temenna (absolute hypalbummemia, lelative Iry- 
perglobuhnemia) Lowenthal, Rosenthal and 
Gilbert have described the occurrence of minor 
to extensive atheiomatosis in the aorta and coi- 
onary artenes in 6 patients with lipoid nephrosis 
langmg in age from 4 to 29 years Similar ob- 
servations were made by others (Bing and 
Heckschei , Murphy and Warfield , Mason , Op- 
penheunei and Fishberg) Identical hematic 
lipoidal conditions prevail not infrequently in 
chi omc glomei ulonephritis with a nephrotic com- 
ponent The hypercholesteremia here may also 
reach consideiable values (Volhard, Steiner and 
Domanski , Epstein , Page, Kirby and Van Slyke , 
Lichtenstein and Epstein , Fahr , Redfield , Clark , 
Launtzen, Chauffard, Laioche and Grigaut, 
Peters and Man, and many otheis), but xantho- 
matous manifestations are exceptional (Geyer) 
Inasmuch as chronic renal disease, like hypo- 
thyroidism, is often also associated with a dis- 
turbance of calcium metabolism, the atheromatous 
and athei osclerotic reactions observed in these 
conditions not only may be combined with those 
of the vasotonic and hydrostatic types but may 
sometimes show extensive intimal and medial 
calcification Age factors are not involved in the 
production of these lesions as chronic renal dis- 
eases repiesent the most frequent souice of 
artenoscleiosis in childhood (Volhard, Ophuls, 
•\ddis and Oliver) Epstein pointed out that the 
basal metabolic rate is often low in patients with 
nephritic hpemia, but there does not exist a con- 
sistent relation between these two factois It has 
been found, howevei, that in nephiotic hpemia 
the degree of hypercholesteremia exhibits an m- 
v ei se relation to the degree of hypoprotememia 

Exogenous Disturbances — The effects on 
the vascular sv stem of the hyperlipemia and 
hv percholesterenua seen after starvation as the 
result of the mobilization of body fat, aftei 
severe hemorrhage (ICatsch, DeLangen), aftei 


introduction of baibiturates, aftei anesthesia, in 
chionic benzine poisoning m man and rabbits 
(Nikulin and Hetmann), m chronic thallium poi- 
soning (Klopstock), m anemia due to phenylhy- 
drazme and hydroxylamme (Rosenthal and 
Meiei , De Langen, Boggs and Moms, Moia- 
witz and Piatt, Sakai) and in connection with 
chronic benzine poisoning m man and rabbits 
(Gate, Chanial, Vallet and Humbeit, Grutz, 
Wise) are unknown Gkuneff repoited only the 
piesence of lipoidal material in the endothelial 
cells and the intima of the splenic folhculai 
ai teries of starved rabbits It may be mentioned 
m this connection that certain types of chemical 
poisoning elicit prolonged hypercholesteremia 
Thus Bang saw in dogs and particulaily in 
rabbits an mciease of the blood cholesterol 
after phosphorus poisoning Ssokoloff observed 
only a minor increase of blood cholesterol m 
rabbits poisoned with arsenic or phosphorus 
A sinnlai effect was elicited by injected diph- 
theria toxin Stiauss and Scheer repoited a 
use of cholesterol in the blood (up to 400 to 
900 mg per hundred cubic centimeters) in 
connection with vasculai distuibances in heavy 
smokers In animals exposed to nicotine over 
long periods the blood cholesterol level moved in 
an opposite direction from the iodine level, which 
was elevated m some animals and lowered in 
others, while the thyroid gland showed in some 
cases a hyperplastic condition and in otheis an 
atrophic myxedematous state These observa- 
tions suggest that in chronic nicotinism a cho- 
lesterogemc atheromatous factoi may complicate 
the primary vasospastic action of the alkaloid 

Caibon Disulfide and Hydiogen Sulfide 
Poisoning — Audo-Gianotti, Bianchi and Levvey 
noted in viscose workers exposed occupationall) 
to the inhalation of carbon disulfide and hydi ogen 
sulfide vapors a type of hpemia characterized 
mainly by an increase of fiee cholesterol and 
phosphatides It is not known whether oi not 
this lipennc reaction is of cytolytic origin and 
attributable to the destruction of nervous sub- 
stance of the brain commonly seen in poisoning 
of this type The workeis had m addition to 
mental and neurogenic manifestations an un- 
usually high incidence of cardiovascular distui- 
bances, including angina pectoi is (Gallego , Goi dy 
and Tiumper, Lewey) Audo-Gianotti noted 
the presence of vasculai changes in viscose work- 
ers, which he attributed to the action of the 
“sulfmethemoglobin” formed Arteriosclerotic 
lesions of the peripheral and retinal ai teries of 
such patients were reported by Levvey and 
McDonald The cerebral arteries of man, dogs and 
cats poisoned with carbon disulfide were observed 
to contain marked sclerotic changes ( Levvey , 
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Alpers, Fenaro, Jeivis and Flickei) Lewe) 
attubuted the vasculai lesions to the inci eased 
incidence of hjpertension among young viscose 
workers exposed to carbon disulfide and dis- 
counted an) causal role of the hvpei cholestei enua 
in this lespect 

Saponin Poisoning — The parenteial introduc- 
tion of saponins lesults in the development of 
an apparently cytolytic type of hypercholester- 
emia lasting up to twelve days aftei the injection 
( Kollei t and Grill , Kollert, Kofler and Susani , 
Kolleit and Rezek, Handovsky, Handovsky and 
ion Tiossel Lasch, Ehienteil and Weiss-Ost- 
born) Saponins cause, moreovei, a chstuibance 
in the colloidal lipoid equilibrium of the plasma 
w Inch influences the molecular dispersion of 
cholesterol (Ehrentheil and Weiss-Ostborn) and 
thereby the colloidal stability of the plasma 
(Lasch , Sobotka) This effect is due in pait to 
the binding of cholesterol by saponin (Wackei 
and Hueck , Kofler and Fischei , Bayei and Gais- 
bock) Pachoiukow leported the presence of 
jelly-like or fibrous nodular deposits firmly at- 
tached to the cardiac valvular leaflets (saponin 
" endocarditis of Robert) m animals given tntra- 
\ enous injections of saponin Handovsky at- 
tnbuted the development of “arteriosclerotic” 


cholesterol deposits m the aoitic ultima of rabbits 
given saponin intravenously to the alteied distn- 
bution of cholesterol m the plasma 

Physical Laboi — Severe and persistent physi- 
cal labor elicits a hypei cholesteremic reaction 
(Knack, Picard) Wacker and Hueck sug- 
gested that the pievalence of atherosclei osis m 
males might be attributable to this factor It is 
doubtful, howevei, whether the manual laboi of 
the male accounts to any appreciable degree for 
the definite difference in moibidity and mortality 
fiom atherosclei osis between the two sexes 
(Leary) It is more probable that a factor re- 
lated to a sex hormone plays a lole m this respect 
by preventing the deposition of cholestei ol m the 
aiterial walls The existence of such relations is 
suggested by the fact that the hypercholesteremia 
accompanying pregnancy ( Gruenfeld and Seelig , 
Katsch , Saito , Gardnei ) does not favor the de- 
velopment of atherosclerotic lesions but leads 
meiely to the appearance of transitory lipoid 
spots (pregnancy spots) m the aortic mtima 
(Popken) After paituntion the cholesterol level 
of the maternal blood drops sharply, the excess 
cholesterol being apparently excieted with the 
milk (Knauei) 


(To Be Concluded) 


Notes and News 


Grants in Aid — Applications to the Committee for 
Research m Problems of Sex of the National Research 
Council for financial aid during the fiscal year beginning 
on luly 1, in support of work on fundamental problems 
of sex and reproduction, should be received before 
April 1 They may be addressed to the chairman, 
Dr Robert M Yerkes, Yale School of Medicine, New 
Haven 11, Conn Although hormonal investigations 
continue to command the interest and support of the 
committee, preference, in accordance with current policy, 
will ordinarily be given to proposals for an investiga- 
tion of neurologic, psvchobiologic and behavioral piob- 
lems of sex and reproduction 

The Ella Sachs Plotz Foundation announces that 
grants will be given in aid of research in the sciences 
closely related to medicine As a rule, the maximum 
amount granted is less than $500 Applications for 
grants to be held during the year 1945-1946 must be 
in the hands of the executive committee before April 
1945 They should be sent to Dr loseph C Aub, 
Massachusetts General Hospital, Fruit Street, Boston 14 
There are no formal application blanks, but letters 
asking for aid must describe accurately the qualifica- 
tions of the investigator and the research, name the 
amount requested and state whether other requests foi 
support have been made 


Appointment — Daniel Fowler Capped, professor of 
pathology at the Umveisity of St Andrews, has been 
appointed to the chan of pathology at the University of 
Glasgow, Scotland, in succession to the late Shaw Dunn 

Deaths — Sir Joseph Arkwnght, long connected with 
the Lister Institute, London, England, died Nov 22, 
1944, in his eighty-first year He made important con- 
tributions to the knowledge of carriers of infectious dis- 
eases and to that of trench fevei and typhus, of bacterial 
variation and of ceitain animal diseases 

Society News — The annual meeting of the Ameri- 
can Association for Cancel Research will be held at 
Cleveland, Monday and Tuesdav, May 7 and 8, 1945, 
preceding the meetings of the Federation of American 
Societies for Experimental Biology Dr Lawrence A 
Pomeroy, 952 Hanna Building, Cleveland, is in charge 
of arrangements It is tentatively announced that the 
Hotel Cleveland will be the headquarters 

The Society of American Bacteriologists will meet at 
the Book-Cadillac Hotel, Detroit, May 22 to 25, 1945, 
under the presidency of I L Baldwin The secretarv 
is L W Parr, Washington University, Washington 
D C 

The Federation of American Societies for Experi- 
mental Biology will meet m Cleveland, May 7 to 10 
inclusive, 1945 
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The Toledo Hospital Institute of Medical Research, 
Toledo, Ohio, has received a grant of $13,000 from the 
Snyder Ophthalmic Foundation for research on the 
physiology of the eye especially in relation to glaucoma 


The grant will be extended depending on the results 
obtained in the first two years Because of the war, 
research will be delayed until a physiologist with 
specialised training in the eye become available 


Correspondence 


IMPORTANCE OF TITLES THAT ACCU- 
RATELY REFLECT THE SUBJECTS 
OF THE ARTICLES 

To the Edito) —In the December 1944 issue of the 
Archives of Pathology there appeared an article by 
Albert E Casey and Eleanor H Hidden entitled “Non- 
development of the Septum Transversum,” in which 
they described a major defect in the diaphragm of a 
newborn infant who lived only four hours 

Autopsy showed absence of the central tendon and 
anterior portion of the diaphragm with the presence of 
a pcncardiopentoncal foramen 

In the summary given in this paper it is stated “This 
is the first instance of this combination of anomalies to 
be recorded m the literature” They offer the case as 
proof of the embryologic concept that the septum trans- 
versum is “the anlage of the central tendon of the dia- 
phragm, the ventrocaudal portion of the pericardium 
and the suspensory ligament of the liver” 

Further, in the comment they mention Giffin’s 1 review' 
of the literature on diaphragmatic hernia (1912), in 
which he said that herniation into the pericardial sac 
had been reported but that he was unable to find the 
original description of the case and so could not state 
whether there w'as a direct or an indirect communication 
between the pericardial and the peritoneal cavity 

Casey and Hidden also refer to three papers by Hed- 
bloom (1925, 1931 and 1934) In Hedbloom’s first paper, 2 
which contains an analysis of 378 cases m which dia- 
phragmatic hernia was treated surgically, only 1 case is 
listed as a case of pericardial hernia, but it is not 
described nor is a reference given In Ins last two 
papers Hedbloom made no note of pericardial hernia, 
and a personal communication from Hedbloom to Casey 
and Hidden indicated that he had not encountered a 
hernia extending into the pericardial sac in more than 
400 cases in which he had operated for diaphragmatic 
hernia 

Finally, after a personal communication from Giffin, 
Casey and Hidden state that “Other than Giffin’s and 
Hedbloom’s mention of a diaphragmatic hernia extend- 
ing into the pericardial sac no references to such an 
anomaly could be found in the literature Since Hed- 
bloom m his final repoit makes no reference to dia- 
phragmatic herniation into the pericardial sac, his 
original mention probably referred to the defect cited 
by Giffin Giffin has in his notes no reference to a 
direct communication between the pericardial and peri- 
toneal cavities and states that since an original article 
describing such a case cannot be found, we are 

1 Giffin, H Z Ann Surg 55 388, 1912 

2 Hedbloom, C A J A M A 85 947, 1925 


warranted in considering ours [Casey and Hidden] the 
first to be reported ” 

In order to set the records straight, I wish to state 
that m 1909 I reported a case m which there was a 
direct communication betw'een the peritoneal and peri- 
cardial cavities and herniation of the transverse colon 
and great omentum into the pericardial sac 2 This case, 
published under the title “A Case of Congenital False 
Diaphragmatic Hernia,” is probably the one that Giffin 
had not been able to find 

The defect in this case was attributed to arrested 
development of the septum transversum and seemed to 
be of the nature of a teratologic rather than an embr>- 
ologic fault and one closely allied to a beginning sub- 
thoracic ectopia cordis 

Tins anomaly occurred in a white man, aged 70, who 
had never had any serious illness throughout his life 
and had suffered no traumatism to Ins chest or abdomen 
He was admitted to the hospital markedly cyanotic and 
dyspneic and lived seventeen hours The clinical diag- 
nosis w r as congestive heart failure 
Autopsy showed a large defect in the central portion 
of the diaphiagm, 6 cm in diameter, through which the 
hand could be passed directly into the pericardial cavity 
The distended transverse colon and most of the great 
omentum u'as virtually wrapped about the heart, causing 
an asphyxial type of death Chronic adhesive peri- 
tonitis over several loops of small intestine suggested 
that such portions had at times herniated into the peri- 
cardial sac There u r ere no other anomalies 
I reported the case on account of its great rarity, as 
I was unable to find mention of any similar case m 
the literature It w r as also of interest because of the 
age which the man reached with such a major defect 
Since this report I have never come across any refer- 
ence to any similar case in the many articles which have 
appeared on diaphragmatic hernia 

The purpose of this communication is to emphasize 
the importance of the careful selection of titles for all 
medical articles Many important papers and original 
observations are virtually lost in the enormous literature 
because the titles are not sufficiently descriptive For 
instance, the title of my paper, “A Case of Congenital 
False Diaphragmatic Hernia,” gives no indication of 
the presence of herniation into the pericardial cavity, 
which w'as the mam reason for publication With such 
a title it is impossible to give a paper proper classifica- 
tion m an index Thus under the title quoted the article 
would be regarded by many workers as just another re- 
port of the ordinary, commonly recognized diaphrag- 
matic hernia 

Harrisox S Martland, M D , New'ark, N J 

3 Martland, H S Paper read at meeting of the 
New York Pathological Society, Jan 13, 1909, J A 
M A 52 1574, 1909 
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EXPERIMENTAL NEPHROPATHIES 

II RENAL PHOSPHATASE ArTER POISONING WITH MERCURY BICHLORIDE, 
URANYL NITRATE AND POTASSIUM DICHROMATE 

OPAL E HEPLER, M D , HELEN GURLEY, M S , and 
JAMES P SIMONDS, MD 

CHICAGO 


Phosphatase is an enzyme, first discoveied m 
the mucosa of the duodenum by Grossei and 
Huslei 1 m 1912, which splits the P0 4 ion from 
the esters of phosphoric acid Two types have 
been differentiated, “alkaline,” which is most 
active m a medium with pn about 9 0, and “acid,” 
which acts best in a medium with pn between 5 0 
and 6 0 Both types can be readily demonstrated 
m tissues by microtechmcal (Gomori 2 ) and 
chemical (Bodansky 3 ) methods This enzyme 
is present in blood seium (Bodansky 3 , Thann- 
hauser and co-workers 4 ), m bile (Freeman, 
Chen and Ivy 5 ), m urine (Kutscher and Wol- 
bergs 0 ) and in human semen (Huggins and 
Johnson 7 ) 

The pattern of the distribution of phosphatase 
m the different organs of animals belonging to 
the same species is relatively constant (Go- 
mori 2a ) Even in animals of different species the 
location of the enzyme m corresponding organs 
is much more constant than is its amount Thus, 
MacFarlane, Patterson and Robinson, 8 using 
chemical methods, found mci easing quantities of 
alkaline renal phosphatase in the following order 
of the species examined rabbit, rat, guinea pig, 

From the Department of Pathology, Northwestern 
University Medical School 

This investigation was aided by a grant from the 
Committee on Experimental Therapeutics of the Ameri- 
can Medical Association 

1 Grosser, P , and Husler, J Biochem Ztschr 
39 1, 1912 

2 Gomori, G (a) Proc Soc Exper Biol & Med 
42 23, 1939, (&,) J Cell & Comp Physiol 17 71, 1941, 
Arch Path 32 189, 1941 

3 Bodansky, A J Biol Chem 101 93, 1933 

4 Thannhauser, S J , Reichel, M , and Frattan, 
J F J Biol Chem 121 697, 1937 

5 Freeman, S , Chen, Y P , and Ivy, AC J 
Biol Chem 124 79, 1938 

6 Kutscher, W, and Wolbergs, H Naturwissen- 
schaften 23 559, 1935 

7 Huggins, C , and Johnson, A A Am J Physiol 
103 574, 1933 

8 MacFarlane, M G , Patterson, L M B , and 
Robison, R Biochem J 281 720, 1934 


dog, cat and mouse Not only did the kidneys of 
the dbg, the cat and the mouse contain more of 
the enzyme than did those of the rabbit, the rat 
and the guinea pig, but the renal phosphatase of 
the former group was activated to a much greater 
degree by magnesium This observation is im- 
portant m the selection of animals in which 'to 
study the phosphatase of the kidneys Wherever 
found, alkaline phosphatase, stained by Gomori’s 
method, is granular m appearance In the kidneys 
it is limited to the brush border of the epithelium 
of the proximal convoluted tubules (Gomori 23 , 
Hepler, Gurley and Simonds 9 ) Elsewhere it is 
distributed through the cytoplasm of the cells 
In the small intestine it is limited to the super- 
ficial epithelial cells of the mucosa 

Our experiments were undertaken with the 
hope of learning something concerning either the 
function or the mechanism of action of alkaline 
renal phosphatase In another paper two of us 10 
have presented evidence, confirming earlier work 
by Suzuki, 11 that m dogs potassium dichromate 
injures chiefly the first part, and mercury bi- 
chloride and uranyl nitrate chiefly the terminal 
portion, of the proximal convoluted tubule In 
previous experiments we had detei mined the 
smallest dose of each of these poisons that would 
produce detectable injury of the renal tubules 
without visibly affecting the glomeruli It ap- 
peared possible, therefore, that by injecting 
optimal doses directly into the blood stream 
varying degrees of damage up to complete necro- 
sis might be inflicted on diffeient parts of the 
proximal convoluted tubule and thus permit a 
study of these effects on the phosphatase activity 
of the kidneys 

9 Hepler, 0 E , Gurley, H , and Simonds, J P 
Proc Soc Exper Biol & Med 44 221, 1940 

10 Simonds, J P , and Hepler O E Arch Path 
39 103, 1945 

11 Suzuki, T Morphologic der Nierensekretion 
unter physiologischen und pathologischen Bedingungen 
Jena, G Fischer, 1912 
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The Toledo Hospital Institute of Medical Research, 
Toledo, Ohio, has received a grant of $13,000 from the 
Snyder Ophthalmic Foundation for research on the 
physiology of the eye especially in relation to glaucoma 


The grant will be extended depending on the results 
obtained in the first two years Because of the war, 
research will be delayed until a physiologist with 
specialized training in the eye become available 


Correspondence 


IMPORTANCE OF TITLES THAT ACCU- 
RATELY REFLECT THE SUBJECTS 
OF THE ARTICLES 

To the Editoi —In the December 1944 issue of the 
Archives or Pathology there appeared an article by 
Albert E Casey and Eleanor H Hidden entitled “Non- 
development of the Septum Transversum,” in which 
they described a major defect m the diaphragm of a 
newborn infant who lived only four hours 

Autopsy showed absence of the central tendon and 
anterior portion of the diaphragm with the presence of 
a pcncaidiopcutoiical foramen 

In the summary given m this paper it is stated “This 
is the first instance of this combination of anomalies to 
be recorded in the literature” They offer the case as 
proof of the embryologic concept that the septum trins- 
versum is “the anlage of the central tendon of the dia- 
phragm, the ventrocaudal portion of the pericardium 
and the suspensory ligament of the liver” 

Further, in the comment they mention Giffin’s 1 review 
of the literature on diaphragmatic hernia (1912), in 
which he said that herniation into the pericardial sac 
had been reported but that he was unable to find the 
original description of the case and so could not state 
whether there was a direct or an indirect communication 
between the pericardial and the peritoneal cavity 

Casey and Hidden also refer to three papers by Hed- 
bloom (1925, 1931 and 1934) In Hedbloom’s first paper, 2 
which contains an analysis of 378 cases in which dia- 
phragmatic hernia was treated surgically, only 1 case is 
listed as a case of pericardial hernia, but it is not 
described nor is a reference given In Ins last two 
papers Hedbloom made no note of pericardial hernia, 
and a personal communication from Hedbloom to Casey 
and Hidden indicated that he had not encountered a 
hernia extending into the pericardial sac in more than 
400 cases in which he had operated for diaphragmatic 
hernia 

Finally, after a personal communication from Giffin, 
Casey and Hidden state that “Other than Giffin’s and 
Hedbloom’s mention of a diaphragmatic henna extend- 
ing into the pericardial sac no references to such an 
anomaly could be found in the literatuie Since Hed- 
bloom in Ins final report makes no reference to dia- 
phragmatic herniation into the pericardial sac, his 
original mention probably referred to the defect cited 
by Giffin Giffin has in his notes no reference to a 
direct communication between the pericardial and peri- 
toneal cavities and states that since an original article 
describing such a case cannot be found, we are 

1 Giffin, H Z Ann Surg 55 388, 1912 

2 Hedbloom, C A J A M A 85 947, 1925 


warranted in considering ours [Casey and Hidden] the 
first to be reported ” 

In order to set the recoids straight, I wish to state 
that in 1909 I reported a case in which there was a 
direct communication between the peritoneal and peri- 
cardial cavities and herniation of the transverse colon 
and great omentum into the pericardial sac 3 This case, 
published under the title “A Case of Congenital False 
Diaphragmatic Hernia,” is probably the one that Giffin 
had not been able to find 

The defect in this case was attributed to arrested 
development of the septum transversum and seemed to 
be of the nature of a teratologic rather than an embry- 
ologic fault and one closely allied to a beginning sub- 
thoracic ectopia cordis 

This anomaly occurred m a white man, aged 70, who 
had never had any serious illness throughout his life 
and had suffered no traumatism to his chest or abdomen 
He w'as admitted to the hospital markedly cyanotic and 
dyspneic and lived seventeen hours The clinical diag- 
nosis w'as congestive heart failure 
Autopsy showed a large defect m the central portion 
of the diaphragm, 6 cm in diameter, through which the 
hand could be passed directly into the pericardial cavity 
The distended transverse colon and most of the great 
omentum w'as virtually w rapped about the heart, causing 
an asphyxial type of death Chronic adhesive peri- 
tonitis over several loops of small intestine suggested 
that such portions had at times herniated into the peri- 
cardial sac There w’ere no other anomalies 
I reported the case on account of its great rarity, as 
I w'as unable to find mention of any similar case in 
the literature It was also of interest because of the 
age which the man reached w’lth such a major defect 
Since this report I have never come across any refer- 
ence to any similar case in the many articles which have 
appeared on diaphragmatic hernia 

The purpose of this communication is to emphasize 
the importance of the careful selection of titles for all 
medical ai tides Many important papers and original 
observations aie virtually lost in the enormous literature 
because the titles are not sufficiently descriptive For 
instance, the title of my paper, “A Case of Congenital 
False Diaphragmatic Hernia,” gives no indication of 
the presence of herniation into the pericardial cavity, 
which was the main reason for publication With such 
a title it is impossible to give a paper proper classifica- 
tion m an index Thus under the title quoted the article 
would be regarded by many workers as just another re- 
port of the ordinary, commonly recognized diaphrag- 
matic heinia 

Karri sox S Martland, M D , Newark, N J 

3 Martland, H S Papei read at meeting of the 
New York Pathological Society, Jan 13, 1909, J A 
M A 52 1574, 1909 
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Phosphatase is an enzyme first discoveied m 
the mucosa of the duodenum by Grossei and 
Huslei 1 m 1912, which splits the P0 4 ion from 
the esters of phosphoric acid Two types have 
been differentiated, “alkaline,” which is most 
active m a medium with pu about 9 0, and “acid,” 
which acts best m a medium with /> H between 5 0 
and 6 0 Both types can be readily demonstrated 
m tissues by microtechmcal (Gomon 2 ) and 
chemical (Bodansky 3 ) methods This enzyme 
is present m blood serum (Bodansky'' 3 , Thann- 
hauser and co-workers 4 ), in bile (Freeman, 
Chen and Ivy 5 ), in urine (Kutscher and Wol- 
bergs G ) and in human semen (Huggins and 
Johnson 7 ) 

The pattern of the distnbution of phosphatase 
m the different organs of animals belonging to 
the same species is relatively constant (Go- 
mori 2a ) Even m animals of different species the 
location of the enzyme m corresponding organs 
is much more constant than is its amount Thus, 
MacFarlane, Patterson and Robinson, 8 using 
chemical methods, found increasing quantities of 
alkaline renal phosphatase in the following older 
of the species examined rabbit, rat, guinea pig, 

From the Department of Pathology, Northwestern 
University Medical School 

This investigation i\as aided by a grant from the 
Committee on Experimental Therapeutics of the Ameri- 
can Medical Association 

1 Grosser, P , and Husler, J Biochem Ztschr 
39 1, 1912 

2 Gomon, G (a) Proc Soc Exper Biol & Med 
42 23, 1939, (fy) J Cell & Comp Physiol 17 71, 1941, 
Arch Path 32 189, 1941 

3 Bodansky, A J Biol Chem 101 93, 1933 

4 Thannhauser, S J , Reichel, M , and Frattan, 
J F J Biol Chem 121 697, 1937 

5 Freeman, S , Chen, Y P , and Ivy, AC J 
Biol Chem 124 79, 1938 

6 Kutscher, W , and Wolbergs, H Naturwissen- 
schaften 23 559, 1935 

7 Huggins, C , and Johnson, A A Am J Physiol 
103 574, 1933 

8 MacFarlane, M G , Patterson, L M B , and 
Robison R Biochem J 281 720, 1934 


dog, cat and mouse Not only did the kidneys of 
the dbg, the cat and the mouse contain more of 
the enzyme than did those of the rabbit, the rat 
and the guinea pig, but the renal phosphatase of 
the former group was activated to a much greater 
degree by magnesium This observation is im- 
portant m the selection of animals in which 'to 
study the phosphatase of the kidneys Wherever 
found, alkaline phosphatase, stained by Gomori’s 
method, is granular m appearance In the kidneys 
it is limited to the brush bordei of the epithelium 
of the proximal convoluted tubules ( Gomori 2a , 
Hepler, Gurley and Simonds 9 ) Elsewhere it is 
distributed through the cytoplasm of the cells 
In the small intestine it is limited to the super- 
ficial epithelial cells of the mucosa 

Our experiments were undertaken with the 
hope of learning something concerning either the 
function or the mechanism of action of alkaline 
renal phosphatase In another paper two of us 10 
have presented evidence, confirming earlier work 
by Suzuki, 11 that m dogs potassium dichromate 
injures chiefly the first part, and mercury bi- 
chloride and uranyl nitrate chiefly the terminal 
portion, of the proximal convoluted tubule In 
previous experiments we had determined the 
smallest dose of each of these poisons that would 
produce detectable injury of the renal tubules 
without visibly aftectmg the glomeruli It ap- 
peared possible, therefore, that by injecting 
optimal doses directly into the blood stream 
varying degrees of damage up to complete necro- 
sis might be inflicted on different parts of the 
proximal convoluted tubule and thus permit a 
study of these effects on the phosphatase activity 
of the kidneys 

9 Hepler, O E , Gurley, H , and Simonds, J P 
Proc Soc Exper Biol & Med 44 221, 1940 

10 Simonds, J P , and Hepler O E Arch Path 
39 103, 1945 

11 Suzuki, T Morphologie der Nierensekretion 
unter physiologischen und pathologischen Bedingungen, 
Jena, G Fischer, 1912 
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METHODS 

All our experiments were made on dogs, and the 
methods used are described in a previous paper 10 One 
group of dogs was poisoned with mercury bichloride, 
a second sjroup with potassium dichromate and a third 
with uranyl nitrate The total volume of circulating 
blood was estimated in each animal by the formula 
W eight in grams X 0 0925 = volume of blood in cubic 
centimeters The poison was dissolved in isotonic solu- 
tion of sodium chloride and injected slowly into a vein 
in such amount that the dog received one or more 
doses of 0 1 to 3 mg of the poison for each 100 cc of 
circulating blood These dogs either died or were killed 
from twenty-eight hours to eight days after the first 
injection of the poison The phosphatase of the serum 
and that of the renal cortex were determined by 
Bodansky’s 3 method Sections of the kidneys stained 
by Gomori’s 2n technic were employed in order tp dem- 
onstrate any deviation from the normal in the amount, 
the form or the distribution of phosphatase in the 
tubular epithelium 

PHOSPHATASE IN NORMAL CONTROLS 

Chemical determinations were made of the 
phosphatase m the blood serum of 13, and in the 
renal cortex of 37, unselected normal dogs, some 
of which had been subjected to acute experiments 
of various kinds in the department of physiology 
of Northwestern University Medical School The 
results of these determinations are show n in 
table 1 


Table 1 — Determinations of Renal and Scrum 
Phosphatase in Normal Dogs 




Menn in 




Bodansky 

Standard 


Dogs 

Units 

Deviation 

Serum phosphatase 

13 

3 09 -h 0 32* 

0 55 ■+■ 0 23 

Renal phosphatase 

37 

10 72 ± 0 33+ 

2 99 ± 0 23 


* Per hundred cubic centimeters 
t Per gram 


The range of serum phosphatase was relatively 
narrow', as is shown by the comparatively small 
standard deviation , that of renal phosphatase 
w r as much wider, its standard deviation being 
about ,one fourth of the mean value In some 
tissues, notably in bone, the amount of phospha- 
tase is knowm to vary inversely with the age of 
the animal No results appear to be available 
that would indicate whether this is true of the 
kidneys Furthermore, prolonged ether anes- 
thesia probably reduces the phosphatase activity 
of the kidneys Since some of these animals had 
been subjected to such anesthesia for varying 
periods, this may have been a factor in the wide 
range of the numbei of phosphatase units for the 
diffeient dogs m this series 

In sections of normal kidneys stained by 
Gomori’s method the phosphatase, being sharply 
limited to the brush bordei of the epithelium, 
forms a nanow ring about the lumen of the 
proximal convoluted tubule This characteristic 


distribution may be inheiently related to the fact 
that it is the function of the epithelium of the 
proximal convoluted tubules to absorb the con- 
tents of the lumens and not to produce some 
substance and excrete it into the lumens 

PHOSPHATASE IN DOGS POISONED WITH 
MERCURY BICHLORIDE 

Dogs were given mercury bichloride in the 
manner described under “Methods ” The number 
and the size of the doses w ere varied for different 
animals so that they received one or more injec- 
tions of 1, 2 or 3 mg, respectively, of mercury 
bichloride for each 100 cc of blood These ani- 
mals died oi w ere killed from tw enty-eight hours 
to eight days after the first injection of the poison 
The phosphatase of the serum was determined 
before, and from one to four times after, the in- 
jection, and the results in dogs wuth at least three 
detei mmations are showm m table 2 

Table 2 — Determinations of Scrum Phosphatase m 
Twelve Dogs Poisoned tilth Mercury Bichloride 

Bodansky Units 


Average of values before Injection 3 00 

Avernge of minimum values after injection 2 75 

Vverngc of maximum values after injection 4 75 

Vverage of final values after injection 3 98 


Since the averages in table 2 w r ere obtained 
from a group of dogs not identical with that used 
m compiling table 1, there is a difference in the 
mean values of the controls in the two tables 
The averages of the minimum and maximum 
values were obtained fi om the lowest and highest 
lesults, respectively, in the multiple determina- 
tions after administration of the poison The 
average of the final values w r as calculated from 
the last determinations immediately before the 
animals were put to death The average of the 
maximum values w'as about 58 per cent higher, 
that of the final values about 33 pei cent higher 
and that of the minimum values less than 10 
per cent low'er than the average of the control 
values of the same animals before the injection 
of meicury bichloride Poisoning of these dogs 
wuth this substance theiefore produced definite 
alterations in the serum phosphatase during a 
period of at least eight days after the admimstia- 
tion of the poison 

Changes in the phosphatase activity of the 
renal cortex are influenced by the amount of 
poison administered, as shown m table 3 

Of the 17 dogs used for the detei mmations in 
table 3, 6 died and 11 were killed five to eight 
days aftei the first injection of the poison Of 6 
dogs that were given m a single dose 3 mg of 
mercury bichloride for each 100 cc of blood, 5 
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died, and the remaining animal was killed five 
days aftei the administration of the bichloride 
The kidneys of the 6 dogs in this group (table 
4) contained an average of 7 62 Bodansky units 
of phosphatase pei gram, which is 29 per cent 
below' the normal mean The dog that survived 
for five days had the highest renal phosphatase 
(11 31 units) m this group The average of 
the values for renal phosphatase in 4 dogs that 
weie given three injections of 1 mg each of 
mercury bichloride for each 100 cc of blood on 
successive days was practically normal (10 78 
units, compared w ith the normal mean of 10 72 
units) The average of the values for lenal 
phosphatase activity m 6 dogs that received 2 

Table 3 — Detci nnnations of Renal Phosphatase m 
Dogs Poisoned zvith Met cm y Bichlonde Shozv- 
mg Influence of Amount of Dose 


Renal Phosphatase 

t A 

Mean in 

Bodanskj Standard 
Dosage of HgCl= Dogs Units Deviation 

3 mg to 100 cc of blood 10 9 10;+; 0 75 3 50 + 0 53 

2 mg or less to 100 cc of blood 7 10 57 ± 1 39 5+4 + 097 


Table 4 — Determinations of Renal Phosphatase Sliozv- 
ing Influence of Number of Injections 




of the Poison 


Dosage of 
HgOI= 
Mg 

Injec 

tions 

Dogs 

Average of 
Values in 
Bodanskj 
Units 

Range of Values in 
Bodansky Units 

3 

1 

6 

7G2 

4 28 to 11 31 

1 

3 

4 

10 78 

7 66 to 16 90 

i 

1 

2 

2 1 

4 \ 

1G 05 

6 30 to 12 90 to 22 9 j 

i 

i 

i 

19 05 



mg of mercury bichloride for each 100 cc of 
blood, either m single or broken doses, w r as ap- 
proximately 50 per cent above the normal mean 
One dog m this group died on the seventh day 
after injection of the poison, and its kidney had 
the lowest content of phosphatase (6 3 units) in 
the group The kidneys of a dog that was given 1 
mg of mercury bichloride for each 100 cc of 
blood yielded 19 05 units of phosphatase (77 per 
cent above the normal mean) The kidneys of 
another dog that received a similar dose gave 
such extremely high phosphatase values (27 12 
units, more than two and a half times the normal 
mean) that it was not included in any of the 
calculations for this whole group of dogs 

The results of the determination of the phos- 
phatase activity of the kidneys of this series of 
dogs by chemical means may be briefly summar- 
ized as follows 1 A single dose of 3 mg of 
mercury bichloride for each 100 cc of blood was 
fatal to approximately 90 per cent of the animals 
w itlnn three days 2 Such fatal doses produced 


extensive necrosis of the epithelium of the proxi- 
mal convoluted tubules and materially reduced 
the phosphatase of the kidneys but did not com- 
pletely destroy or inactivate the enzyme 3 
Smaller nonfatal doses of 2 mg or less of mer- 
cury bichloride for each 100 cc of blood seemed 
to stimulate the activity of the phosphatase of 
the kidneys, particularly when the dose was so 
small that microscopic examination revealed no 
actual necrosis of the tubular epithelium 

The results of the quantitative determinations 
of phosphatase in the kidneys of dogs poisoned 
with mercury bichloride were compared with 
sections of the same kidneys stained by Gomori’s 
method In normal canine kidneys the phospha- 
tase is distributed in the brush border through- 
out the entire length of the pioximal convoluted 
tubules, while the remainder of the cytoplasm of 
these cells is free In the kidneys of dogs that 
received the minimum necrotizing dose of mer- 
curj bichloride the necrosis was limited to the 
distal half of the proximal convoluted tubules, 
particularly in their straight terminal portions, 
which lie in the outer part of the labyrinth along 
the medullary rays The same kidneys showed 
no necrosis and little or no alteration in the intra- 
cellular distribution of phosphatase in the narrow 
aglomerular zone immediately beneath the renal 
capsule 10 The earliest \ lsible effect of necrotiz- 
ing doses of mercury bichloride appears to be 
diffusion of the phosphatase throughout the cyto- 
plasm As long as the necrotic cell retains its 
lorm its cytoplasm is diffusely stained by Go- 
mori’s method, but moie palely than is the brush 
bolder of normal cells The results of chemical 
analysis indicate that the pale staining is due to 
actual diminution m phosphatase activity and not 
merely to dilution by diffusion throughout the 
cell In normal canine kidneys the lumens of the 
tubules do not contain detectable phosphatase , 
When cells of the proximal convoluted tubules 
disintegrate aftei damage by mercury bichloride, 
the detritus m the tubular lumens gives a positive 
phosphatase reaction by Gomori’s method 

Figuies la and lb show serial sections from the 
kidney of a dog (K Hg 6) that received a single 
injection of 3 mg of mercury bichloride for each 
100 cc of blood and died on the third day there- 
after In section a, stained with hematoxylin and 
eosm, the nuclei of the epithelium of the tubules 
near the glomeruli, i e , in the labyrinth, stain 
well while the cells of the straight terminal por- 
tions of the pioximal convoluted tubules along the 
margins of the labyrinth are completely necrotic 
In section b, stained by Gomori’s method, the 
phosphatase m the epithelium wuthin the labyrinth 
stains deeply and is in its noimal position about 
the lumen The phosphatase m the necrotic cells 



136 


ARCHIVES OF PATHOLOGY 


is diminished m amount and is uniformly dis- 
tributed throughout the neciotic mass This 
dog’s kidneys contained 11 06 units of phospha- 
tase per giam of tissue 

PHOSPHATASE IN DOGS POISONED WITH 
URANYL NITRATE 

The phosphatase of the blood and the kidneys 
of 15 dogs poisoned with uranjl nitrate was 
studied with the technic that was used m the 
study of the group poisoned with meicury bi- 
chloride The e fleets are show n m table 5 One 
milligram oi less of uianyl nitrate had little effect 
on blood phosphatase but increased renal phos- 
phatase 30 per cent above the normal mean On 
the othei hand, doses of 2 mg or more mci eased 


Table 5 — Deter mutations of Phosphatase in Normal 
Dogs and rn Dogs Potsoned ivith Uranyl Nitrate 



Average of Values in BodnnsLy Units 


Before 

After 
Injection 
of I Mg 
or Less 

Before 

Ifter 
Injection 
of 2 Mg 
or More 


Poison 

of Uranyl 

Poison 

of Uranjl 


ing 

Nitrate 

ing 

IMtrnte 

Blood phosphatase 

2 65 (?) 

3 47 

3 70 

5CG 

Renal phosphatase 


14 09 


10 29 


blood phosphatase 53 per cent and lenal phos- 
phatase 52 per cent above the coi responding 
normal means 

Staining by Gomori’s method revealed phos- 
phatase diffusely spread throughout the cyto- 
plasm of renal cells severely damaged by uranyl 
nitrate and phosphatase-contammg detritus m 
the tubules, similar to that m mercury bichloride 
poisoning With minimum necrotizing doses the 
distribution of these changes was also similar to 
that in the kidneys of dogs poisoned with mei- 
cuiy bichloride, i e, the necrosis of the epi- 
' thehum and the alteiation m the enzyme were 
most marked m the distal portions of the proxi- 
mal convoluted tubules In regions of complete 
necrosis the phosphatase stained diffusely and 
sometimes deeply in the necrotic mass Breedis, 
Flory and Furth 12 described this change as 
“phosphatase-rich casts ” 

Figures 2a and 2b are from the kidney of a 
dog (KUr22) that received two injections, on 
successive days, of 3 mg of uranyl nitrate for 
each 100 cc of blood and was put to death on 
the fourth day after the first injection This 
amount was far above the minimum necrotizing 
dose In figure 2a, showing a section stained with 
hematoxylin and eosm, the epithelium of the 

12 Breedis, C , Flory, C M , and Furth, J Arch 
Path 36 402, 1943 


tubules within the labyrinth is swollen and ragged 
but the nuclei stain, while the straight terminal 
portions along the margins of the labyrinth are 
necrotic In figure 2b, showing a section stained 
by Gomori’s method, the phosphatase of the epi- 
thelium within the labyrinth stains well and is 
concentrated about the lumen but with slight dif- 
fusion thiough the cytoplasm, while the straight 
portion is necrotic and stains poorly but uni- 
foimly In the left upper quadrant, beginning 
just below r the glomerulus in the top center, is a 
tubule cut longitudinally through the origin of 
the straight terminal segment In the upper end 
of this tubule the phosphatase is concentrated 
about the lumen but is moderately diffused 
through the cytoplasm In the next short seg- 
ment, where the tubule curves downward, cell 
outlines aie lost and the entire mass is stained 
deeply, showing a high content of phosphatase 
In the terminal straight portion of this tubule 
the epithelium is completely necrotic and stains 
palely but somewhat irregularly In the right 
lower corner is a glomerulus with phosphatase- 
contammg debris in its capsular space This 
debris was piobablj- legurgitated into the cap- 
sular space from necrotic material in more distal 
parts of the tubule, since the phosphatase in the 
epithelium m the beginning of the tubule, seen 
leaving the glomerulus, is almost normal m its 
distnbution within the cells The kidneys of this 
dog contained 21 70 units of phosphatase per 
gram of tissue 

PHOSPHATASE IN DOGS POISONED IVITH 
POTASSIUM DICHROMATE 

Studies of phosphatase ivere made on 9 dogs 
poisoned with potassium dichromate with the 
following results In 5 dogs receiving 2 mg or 
less for each 100 cc of blood the renal phospha- 
tase averaged 15 85 units per gram (47 85 per 
cent above the normal mean) In each of the 
poisoned animals the renal phosphatase ivas 
higher than the normal mean, with a lange of 
11 18 to 18 86 units Four dogs received 4 to 6 
mg of potassium dichromate for each 100 cc of 
blood m two doses of 2 and 3 mg each In this 
group the renal phosphatase values averaged 7 41 
units (44 66 per cent below the normal mean), 
with a range of 6 0 to 9 6 units 

In sections of kidneys with minimal necrosis 
stained for phosphatase by Gomori’s method the 
phosphatase in the terminal straight portions of 
the proximal convoluted tubules was limited to 
the brush border of the cells as m tne normal con- 
trols In the upper parts of the tubules, particu- 
larly in the subcapsular zone, and throughout the 
entire length of the proximal convoluted tubules 
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m dogs poisoned with larger doses, cell outlines 
were lost and the coagulated mass was stained 
uniformly black or pale brown 

The sections in figures 3a and 3b are from the 
subcapsular zone of a kidney of a dog (K Cr 16) 
that received two injections, on successive days, 
of 3 mg each of potassium dichromate for each 
100 cc of blood In the first section, stained 
w ith hematoxylin and eosm, there is massive ne- 
crosis of the epithelium of the first parts of the 
proximal convoluted tubules Since the amount 
given this dog was greatly in excess of the mini- 
mum necrotizing dose, the necrosis involved 
practically the entire tubule and was not limited 
to the first segment In the second section, 
stained by Gomon’s method, the necrotic material 
of most of the tubules stains uniformly black, 
which indicates that active phosphatase is still 
present The kidneys of this dog contained only 
6 65 units of phosphatase per gram of tissue 

COMMENT 

The results of the experiments described m 
detail m the foregoing pages are summarized in 
table 6 In animals poisoned with small doses of 
mercury bichloride and potassium dichromate, 
i e 2 mg or less for each 100 cc of blood, the 


Table 6 — Summary of Dctei imitations of Phosphatase 



Ratio Between Mean Values tor Normal and 
Poisoned Dogs 


HgOIe 

A 

UO:(NOa)= 

A 

KeCreOi 

Phos 

phatase 

2 Mg or 

Less 3 Mg 

2 Mg or 

Less 3 Mg 

f ™ 

2 Mg or 3 Mg or 
Less More 

Blood 

Renal 

1 1 54 1 0 85 

1 0 91 11 

1 1 30 1 1 52 

1 0 69 1 0 22 ’ 

1 1 45 1 0 69 


activity of renal phosphatase was increased on 
the average above the normal mean (1 1 54 and 
1 1 45, respectn ely) to an extent that appears 
not to be merely the result of chance, larger 
doses (3 mg or more) caused marked reduc- 
tion (1 0 85 and 1 0 69, respectively) This 
reduction was greater with potassium dichromate 
than with mercury bichloride, but the doses of 
potassium dichromate in some dogs reached a 
total of 6 mg per hundred cubic centimeters of 
blood The mean values of renal phosphatase m 
both groups poisoned with uranyl nitrate, 1 e , 
those receiving 2 mg or less and those receiving 
3 mg or more per hundred cubic centimeters of 
blood, w'ere much greater than the normal means 
(1 1 30 and 1 1 52, respectively) 

Of 6 dogs given 3 mg of mercury bichloride 
for each 100 cc of blood, 5 died --One of those 
that died had been given only 2 mg of this sub- 
stance None of the animals given uranyl nitrate 


or potassium dichromate in the doses stated died 
spontaneously within eight days, although the 
kidneys of those receiving the larger doses of 
both poisons showed extensive necrosis in their 
proximal convoluted tubules 

The activating and inhibiting effects of various 
substances on renal phosphatase have been stud- 
ied Erdtmann 13 discovered that alkaline 
phosphatase is activated by magnesium in proper 
concentration, and this has been confirmed by 
Kay 14 and otheis Bamann, 15 Bamann and Heu- 
muller, 16 D Albers 17 and Massart and Vanden- 
driessche 18 stated that this enzyme is activated 
bj many kations, wffiile Massart and Vanden- 
dnessche 18 and Miguel 19 observed that it is in- 
hibited by anions Thannhauser 20 and his co- 
w r oikers reported that alkaline phosphatase is 
activated by iron, manganese, cobalt and nickel 
ions and is inhibited by zinc and copper Perl- 
man and Ferry 21 confirmed these observations 
on manganese and zinc 

Snow and Hepler 22 used multiple dilutions of 
a solution of 1 milligram-molecule X 10 — 3 to 
study the eftects of the poisons used in these 
experiments on renal phosphatase They ob- 
served that potassium dichromate and mercury 
bichloride caused definite but relatively slight 
reduction, while uranyl nitrate in the higher con- 
centration employed induced marked reduction, 
in the activity of the enzyme Magnesium chlor- 
ide used as a control on the same material m- 
ci eased the activity of the enzyme by approxi- 
mately 50 per cent In view of these results it is 
difficult to interpret the consistent increase m 
the action of phosphatase m the kidneys qf dogs 
poisoned with small doses of these substances 
Three possibilities may be considered Unknown 
factors m the living animal, not present in the 
test tube, may influence results The enzyme 
may have been protected against the poisons, by 
their combination with proteins of the cells m 
accordance with the well knowm phenomenon of 
precipitation of protein by heavy metals Or, 

13 Erdtmann, H Ztschr f pin siol Chem 172 182, 
1927, 177 211, 1928 

14 Kay, H D J Biol Chem 93 733, 1931 

*15 Bamann, E Natunvissenschaften 28 142, 1940 

16 Bamann, E, and Heumuller, E Naturwissen- 
schalten 28 535, 1940 

17 Albers, D Ztschr f physiol Chem 266 1, 1940 

18 Massart, L , and Vandendriessche Naturwissen- 
schaften 28 143, 1940 

19 Miguel, E J An Asoc quim fram Uruguay 
42 12, 1940 

20 Thannhauser, S J , Reichel, M , and Frattan 
J F J Biol Chem 121 697, 1937 

21 Perlman, G E , and Ferry, R M J Biol Chem 
142 513, 1942 

22 Snow, A , and Hepler, O E Personal com- 
munication to the authors 
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Explanations of Figures 1 to 3 

Fig- la — Section of renal tissue from dog K Hg 6, which received one injection of 3 mg of mercury 
bichloride to each 100 cc of blooa and died on the third aay; hematoxylin and eosm stain X 50 Nuclei of 
tubular epithelium within the labyrinth stain well, there is necrosis of the straight terminal portion of the 
proximal convoluted tubule along the margins of the labyrinth. 

Fig lb — Serial section to the one shown in figure la but stained by Gomons method X 50 The phos- 
phatase in the epithelium of the tubules within the labyrinth is practically normal in amount and distribution, 
it is markedly reduced m the necrotic epithelium. Chemicalh, the tissue contains 1106 units of phosphatase 
per gram 

Fig 2 a — Section of renal tissue from dog K Ur 22, which received two injections on successive days, of 
3 mg of uranyl nitrate to each 100 cc. ot blood and was killed on the tourth day , hematoxylin ana eosm 
stain X 155 There is marked necrosis of the straight portions of the proximal conv oluted tubules , the nuclei 
within the laby nnth stain w ell although the cells are not normal 

Fig 2 b — Section of renal tissue from the same dog as that shown m figure 2 a, but stained by Gomon s 
methoa X 155 There is abundance of activ e phosphatase with essentially normal intracellular distribution 
within the labyrinth along the margins of the labyrinth the epithelium is necrotic and phosphatase activity is 
greatly reduced. In the left upper quadrant is a proximal convoluted tubule cut through the beginning of the 
terminal straight portion In the upper end of this segment the phosphatase is approximately normal in amount 
ana distribution, in the lower portion the epithelium is necrotic and phosphatase is only very slightly active, 
between these two portions the phosphatase is diffused through the cytoplasm but is not much reduced in activity 
Chemically, the tissue contains 21 70 units of phosphatase per gram 

Fig 3a — Section ot renal tissue from dog K Cr 16, which received two mjections of 3 mg of potassium 
dichromate to each 100 cc of blood on successive days and was lulled on the fourth day , stained with hema- 
toxylin and eosm, X 155 There is extensive necrosis of the epithelium of the proximal convoluted tubules 
in the subcapsular zone ana throughout the lull length of the tubules 

Fig 3 b — Section ot renal tissue from the same dog as that shown m figure 3 a but stained by Gomori's 
method , X 155 The phosphatase in the completelv necrotic epithelium is active and giv es a strong reaction 
Chemically, the tissue contains 6 65 units of phosphatase per gram 
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finally, the amount of the enzyme may be actually 
increased by the letention in the necrotic 01 
damaged epithelium of phosphatase which has 
escaped from the blood in the glomerulai filtrate 
If phosphatase m the kidneys has any func- 
tion it would seem that this must, in some way, 
be bound up with its distinctive location in the 
brush border of the epithelium of die proximal 
convoluted tubules, where it is in immediate con- 
tact with the glomerular filtrate in the lumen The 
phosphatase of the small intestine is in the super- 
ficial cells of the mucosa and is thus strategically 
located for taking part in the absorption of some 
substance, possibly dextrose, from the intestinal 
contents In other organs, such as the liver 
(Gomon 2 , Kabat and Furtli 23 ) and the prostate 
(Huggins and Johnson 24 , Kutscher and Wol- 
bergs 26 ), this enzyme is distributed throughout 
the cytoplasm of the cells Fieeman, Chen and 
Ivy B found much phosphatase in the bile and 
believed that the enzyme “onginated m the liver ” 
Human semen, particularly the portion from the 
prostate gland (Huggins and Johnson 24 ), con- 
tains acid phosphatase in high concentration 
(Kutscher and Wolbergs 25 , Guttmann and Gutt- 
mann 26 ) Thus the acid phosphatase of semen 
is probably denved from the abundant supply 
in the cytoplasm of the cells of the prostate 
These examples suggest that phosphatase which 
is uniformly distnbuted throughout the cytoplasm 
(liver and prostate) is either a product, oi is 
concerned with the production of a substance, 
which is discliaiged into a lumen as an external 
secretion On the other hand, the location of 
phosphatase in the brush border of the cells of 
the proximal convoluted tubules and in the supei- 
ficial cells of the intestinal mucosa suggests that 
this enzyme in these organs is concerned with 
the absorption of some substance or substances 
from a lumen Its alleged relation to absorption 
of dextrose from the glomerular filtrate and to 
deposition of calcium in the kidneys will be con- 
sidered in subsequent papers m tins series 

As this paper was being completed, a contribu- 
tion from Russell, Rouse and Read 27 appeared 
After referring to our previous paper 8 in which 
we stated that phosphatase could still be demon- 
strated by chemical and histochemical methods 
m cells rendered neciotic by salts of heavy metals, 

23 Kabat, E A, and Furth, J Am J Path 17 
303, 1941 

24 Huggins, C , and Johnson, A A Am J Physiol 
103 574, 1933 

25 Kutscher, W , and W olbergs, H Ztschr f 
physiol Chem 236 237, 1935 

26 Guttmann, A B , and Guttmann, E N Endo- 
crinology 28 115, 1941 

27 Russell, W O , Rouse, E T , and Read, J A 
Arch Path 38 40, 1944 


these authors continued “This observation sug- 
gests an extrarenal origin for the alkaline phos- 
phatase in the kidney since apparently the main- 
tenance of the enzyme is not dependent on viable 
renal cells ” It is not particularly surprising that 
an enzyme should remain active m dead cells 
since Mooi e, Goldstein and Cantowitz 28 have 
shown that marked histologic changes in the 
cytoplasm and the nuclei of renal epithelium may 
occur before the mitochondria — very intimate 
internal structures of the cell — show any patho- 
logic alteration other than that of position, i e , 
diffusion through the cy toplasm Russell and his 
co-workers 20 found phosphatase in tubercles but 
“concluded that alkaline phosphatase does not 
appear in areas of caseation simultaneously with 
the development of necrosis of the cells ” They 
stated that “there is some evidence to indicate 
that alkaline phosphatase in areas of caseation is 
not of autochthonous origin but is probably de- 
rived from the serum, the enzyme diffusing into 
the area of caseation ” However, these authors 28 
dismissed the idea of an extrarenal origin of 
phosphatase with the statement that “it seems 
most unhkely r that the high concentration of al- 
kaline phosphatase in the kidney could be totally 
explained by a special affinity of certain renal 
cells to pick up and store the enzyme that had 
been made in other cells of the body 7 and trans- 
ported to the kidney by 7 the blood ” While we 
did not make such a suggestion in our previous 
paper, we had formulated a concept of a possible 
extrarenal origin of lenal phosphatase by an en- 
tirely different line of reasoning The idea is not 
as fantastic as Russell and his co-v orlceis imply 
by their comment 

Since foreign proteins with relatively large 
molecules, e g , egg albumin, inti oduced into the 
blood stream are known to pass through the 
glomerular filter (Babcock 30 and others), it is 
likely that the alkaline phosphatase of the plasma 
may also escape through the glomeruli It is 
present in the urine The amount of a substance 
which the tubules are capable of absorbing is 
limited Theie is also evidence that there is a 
limit to the size oi the weight of the molecules 
which they 7 can reabsorb from the glomerular fil- 
tiate The largest molecule which the tubules 
regularly reabsorb is dextrose with a molecular 
weight of 180 The maximum capacity for re- 
absorption (the threshold value) of dextrose 
is about 180 mg per bundled cubic centimeters, 

28 Moore, R A , Goldstein, S , and Cantowitz, A 
Arch Path 8 29, 1929 

29 Russell, W O , Read, J A , and Rouse, E T 
Arch Path 38 31, 1944 

30 Babcock, C Anat Rec 71 233, 1938 
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or 0 001 mol Stieglitz 31 injected a solution 
containing ferric ammonium citrate, which has 
a moleculai weight of 724, into the veins of 
rabbits He stated that this substance was 
excreted by the tubules However, his illus- 
tration shows iron, rendered visible by the Prus- 
sian blue reaction, sharply limited to the brush 
border and the immediately underlying very 
narrow zone as if it had penetrated the cells 
from the contents of the lumen Inulin has a 
molecular weight of about 5,000 (Westfall and 
Landis 32 ), but because of the great length of its 
molecule it has a diffusion coefficient equivalent 
to a molecular weight of about 15,000 (Bunim 
and co-workeis 33 ) Although mulin passes 
through the glomeruli readily, it is not reabsorbed 
by the tubules Albers and Albers 34 have stated 
that the molecular weight of phosphatase is be- 
tween 6,000 and 10,000 

Since substances of similar and even lower 
molecular weight are known not to be i eabsorbed 
from the glomerular filtiate by the tubules it is 
possible that renal epithelium is unable to trans- 
fer such a large molecule as phosphatase through 
the cell substance into the surrounding tissue 
spaces Stieglitz’ 31 illustration strongly suggests 
the inability of the cells of the proximal con- 
voluted tubules to transport molecules of ferric 
ammonium citrate which may have diffused 
through the brush border and cell membiane 
through the remaining thickness of the cell even 
with the aid of the osmotic “pull” of the plasma 
proteins in the peritubal capillaries, augmented 
as it is by loss of water in the glomeruli If a 
suitable method were available, it wrnuld be inter- 
esting to know whether the large molecules of m- 
ulm become entangled in the brush border and 
thus become concentrated in the same location 
where phosphatase is normally found All this 
suggests the possibility that the presence of phos- 
phatase in the brush border of the epithelium of 
the proximal convoluted tubules may lepresent 
an abortive attempt to reabsorb a substance of 
high molecular weight which has been excreted 
by glomerular filtration If this admittedly bi- 
zarre and incongruous idea is correct, the pres- 

31 Stieglitz, E J Am J Anat 29 33, 1921 

32 Westfall, B B , and Landis, E M J Biol Chem 
116 727, 1936 

33 Bunim, J J , Smith, W W , and Smith, H W 
J Biol Chem 118 667, 1937 

34 Albers, H , and Albers, E Ztschr f physiol 
Chem 232 165 and 189, 1935 


ence of phosphatase in the kidneys may have no 
functional significance 

SUMMARY 

All the experiments repoited m this paper 
were made on dogs and the conclusions apply 
only to that species 

Changes above and below the normal mean 
occurred in the alkaline phosphatase of the blood 
serum within a period of eight days after poison- 
ing with mercury bichloride 

Doses of potassium dichi ornate and of mer- 
cury bichloride that caused extensive necrosis of 
the epithelium of the renal tubules reduced the 
phosphatase activity of the kidneys Uranyl 
nitrate m doses up to 3 mg to 100 cc of blood 
caused marked neci osis of the tubular epithelium 
but did not reduce the phosphatase activity of 
the kidneys as determined by chemical methods , 
in many animals the poison appeared to increase 
it 

Subnecrotizing doses of all thiee of the afore- 
mentioned chemical agents mci eased the activity 
of phosphatase m the kidneys, as determined by 
chemical methods 

The earliest morphologic change m the phos- 
phatase in the epithelium of the proximal con- 
voluted tubules induced by the heavy metal 
poisons used m these experiments was diffusion 
of the enzyme throughout the cytoplasm from its 
normal location m the brush border 

Active phosphatase can still be demonstrated 
by histochemical methods (Gomori’s stam) m 
the debris of disintegrated necrotic cells of the 
pioximal convoluted tubules 

The function of alkaline renal phosphatase is 
unknown If it has a function, it would seem 
that this must be related to its limitation to the 
brush border of the epithelium of the proximal 
convoluted tubules and that it is concerned with 
absorption of some substance or substances from 
the contents of the lumen rather than the excre- 
tion of products into the lumen 

Reasons are piesented for the possibility that 
alkaline renal phosphatase may not have any func- 
tional significance Its presence m the brush 
border of the epithelium of the proximal con- 
voluted tubules may be due only to an attempt 
by these cells to absorb it, the attempt being un- 
successful because its molecule is too large to be 
transported by the cells from the lumen to the 
peritubulai tissue spaces 



ISCHIOPAGUS TRIPUS 

REPORT or TWO CASES 


CAPTAIN HANS G SCHLUMBERGER 

MEDICAL CORPS, ARMV OF THE UNITED STATES 
AM) 

J ELMER GOTWALS, MD 

PHOFNIWILLE, PA 


An ischiopagus is an unusual type of symmetric 
diaxial monster m which fusion has taken place 
m the legion of the perineum, with involvement 
of the bony pelvis A secondary penneum con- 
sisting of tissue derived fiom both twins is 
piesent between the adjacent legs of each side, 
giving the impression of two pairs of legs and of 
genitalia arranged at right angles to the mam 
axis of the body This is the so-called ciuciate 
monster or ischiopagus tetrapus Actually, only 
one limb of each pair belongs to eithei of the in- 
dividuals If the mam axes of the ti links meet 
at an angle, the two legs on the side of the 
smaller angle may fuse into a composite limb, 
lesulting m the form known as ischiopagus 
tripus These relations are indicated in the ac- 
companying diagram (fig 1) 

ABC 

Fig 1 — Diagram of the relationship of the com- 
ponents of an ischiopagus A, two autonomous indi- 
viduals B, twins joined to form an ischiopagus tetra- 
pus C, twins with fusion resulting in an ischiopagus 
tnpus (The diagram is a modification of that pub- 
lished by H H Wilder in the American Journal of 
Anatomy 3 387, 1904) 

The earliest authentic case of this monstrosity 
was born in 1552 and reported two years latei 
by Rueff 1 In 1882 Taruffi 2 3 was able to find 
lecords of 14 undoubted cases of ischiopagus 
tripus , one which he overlooked was reported in 
this country by Ellis s in 1871 Most of these 
monsters lived only a few hours or days, nGne 
for as long as a year The most lecent account 
of the monstrosity is to be found m the Portu- 
guese literature , it was described by Moitas 4 m 

1 Rueff, J De conceptu et generatione homims, 
Tiguri, C Froschoverus, 1554, book 6, p 47 

2 Taruffi, C Storia delli teratologia, Bologna, reg 
tip , 1881-1891, vol 2, pp 366-403 

3 Ellis, C Boston M &. S J 8 218, 1871 

4 Moitas, A Folia anat univ conimb (art 9) 16 
1 1941 


1941 The lemaikable capacity of the fetus for 
functional adaptation in response to extensive 
developmental anomalies is well illustrated by the 
following 2 cases 

CASE 1 

The mother was a healtln 24 year old white 
woman whose only previous pregnancy had resulted in 
a normal, full term infant The father was apparently 
well Among the mother’s siblings was one set of 
twins, but there were none among the father’s The 
pregnancy was uneventful, and labor set in at the ex- 
pected time Six hours after the onset the head could 
be seen at the vaginal orifice After birth of the head 
there was failure of restitution, and each arm was 
delivered manually Further obstruction was then en- 
countered, but by the use of traction and rotation the 



Fig 2 — Photograph of the twins when 2 days old 
The twin described as the smaller or right component is 
on the reader’s left 

three legs and the body of the second twin were 
delivered 

Immediately after birth the twins were cyanotic and 
motionless Within a minute or two the larger one 
began to cry , the smaller one made the facial move- 
ments of crying but emitted no sound The cyanosis 
disappeared rapidly except for that of the left half of 
the chest in the smaller twin, which persisted through- 
out life The weight at this time was 11 pounds 12 
ounces (5,330 Gm ) 

The larger twin appeared normal to the level of the 
umbilicus It breathed easily and was never cyanotic 
until shortly before death The heart rate was 120 to 
180 per minute, the sounds were normal m quality 
Bottle-fed, it sucked well and cried lustily, although 
it often slept while the smaller twin was awake It 
moved both arms freely, and when it kicked one leg, 
the composite third leg was also set m motion 
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The smaller twin showed left-sided torticollis , no iris 
was present in the right eye, and in the left the pupil 
was irregular Neither pupil reacted to light No true 
respiratory excursions were ever observed, although 
some motion was transmitted by the diaphragmatic 
movements of the larger twin When the latter cried, 
the former became cyanotic The heart sounds were 
always muffled and too rapid to count The sucking 
movements of this twin were poorly coordinated, and 
it took practically none of its formula This member 
of the pair occasionally contorted its face as if to cry, 
but no sound was uttered In general it was less active 
than the larger twin, yet it moved both arms freely, 



Fig 3 — The visceral relations as seen at autopsy 
The cecum and the ascending colon pass transversely 
across the abdominal cavity The umbilicus is to the 
left (the reader’s right) ot this structure The umbili- 
cal yem can be seen passing to the liver of the left twin 
the umbilical artery disappears in the pelvis The left- 
sided position of the liver in the smaller twin is apparent, 
as is also the very large pericardial sac which com- 
pletely fills the thoracic cavitv 

and its leg synchronously" with the composite one At 
times it slept while the other was crying and threshing 
about Urine and feces were expelled at normal inter- 
vals from the common urethral and anal orifices 

The twins gradually lost weight Four days after 
birth the temperature of both rose to 102 F , on the 
morning of the next dav it reached 103 F Respiration 
was rapid and the pulse rate 170 to 180 By evening 
the temperature was 105 F , the respiratory rate 80, 
and rales were heard at the bases of both lungs of the 
larger twin Death occurred that night 

Autopsy — The body weighed 8 pounds (3,629 Gm ) , 
the over-all length from crown to crown was 47 cm > 
Rigor and livor mortis were present The twin form- 
ing the right component of the monster was about a 
third smaller than that forming the left A single 
umbilicus marked the area of fusion of the two trunks, 
yyhich were apparently normal, as were also the upper 
extremities and the heads except for the abnormality 
of the eye in the smaller twin At the level of the 
umbilicus and at right angles to the main axis of the 
body were two well formed legs, between which were 
normal female genitalia and an anus Both feet showed 
talipes varus In the same relative position on the 
opposite side was a fusiform structure that apparently 
had arisen from the union of two legs The foot was 
represented by' a sharply' curv'ed fleshv mass, 2 5 cm 
long, with a single “toe nail" at its tip At the base 
of this composite limb there were no v'estiges of geni- 
talia or an anus 

When the abdomen was opened, the distended large 
intestine was found to form a single loop arranged 


transversely to the main axis at the level of the 
umbilicus Elsewhere in the larger twin the normal 
relations of the gastrointestinal tract, the liver, the pan- 
creas and the spleen were preserved However, in the 
right-sided member there was complete situs inversus 
of the corresponding organs, which were also much 
smaller than normal (fig 3) Both small intestines 
opened into a common cecum, at the proximal end of 
which were two appendixes lying side by side The 
cecum opened into a short large intestine, the lumen 
of which was double and emptied into a single rectum 
The lungs of the larger twin were pale pink, volumi- 
nous and covered the precordium The heart was 
entirely normal In the smaller twin the lungs were 
hidden by an enormous pericardial sac which com- 
pletely filled the thoracic cavity and contained 70 cc 
of clear yellow fluid The lungs, deep purple, were 
wedged into the costovertebral angle and appeared to 
be quite an Jess Histologically, the characteristic 
“crumpled paper bag” outline of the alveoli indicated 
that the lungs had never expanded — evidence that the 
pericardial effusion existed prior to birth 
The apex of the greatly enlarged heart wms directed 
toward the right It weighed 46 Gm as compared 
with the normal heart of the larger twin, which weighed 
only 20 Gm Dissection revealed transposition of the 
great vessels with an overriding aorta, a defect in the 
interventricular septum (fig 4) and hypertrophy of 
the wall of the right ventricle The aoitic cusps were 
normal The ascending aoita was a massive vessel 
which was continued cephalad as three large arteries — 
a right subclavian arterv, a right common carotid 
artery and an innominate artery which arose to the left 
of these vessels The arch of the aorta, directed to 
the right, was smallei than any one of these three 
arteries and looked more like a branch of the ascend- 
ing trunk than a continuation of this vessel 



Fig 4 — Drawing of the heart of the smaller twin 
The section removed the anterior wall of eacli ventricle 
The pulmonary artery which arose from the left ven- 
tricle, just anterior to the cut surface, is not shown Inf 
V C , inferior vena cava , L A , left auricular appen- 
dage, L V , left v'entricle, Pul V , pulmonary vein, 
Rt A , right auricle, Rt V , right ventricle, Sup V C , 
superior vena cava Duct Ait, ductus arteriosus 


Ihe pulmonary artery arose from a stenotic opening 
in the left v'entricle guarded by a malformed va ■ ' e 
It communicated with the aorta by a widely pa en 
ductus arteriosus The pulmonary veins com me ° 
form a single large vein which emptied dir ec i 
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the right ventricle The right auricle was represented 
by an inconspicuous and irregular little nodule attached 
to the wall of this vessel The inferior vena cava 
joined the superior vena cava just before the latter 
emptied into the left ventricle This junction was all 
that remained of the left auricle, although a fairly well 
developed auricular appendage was present At the open- 
ing into the left ventricle was a well formed tricuspid 
valve At the point of union between the superior and in- 
ferior venae cavae there was a valve leaflet so arranged 
that the blood flowing down the superior vena cava 
would pass into the inferior vena cava as well as into 
the left ventricle 

In the region of the pelvis the aorta of the smaller 
twin was directly continuous with the aorta of the 
larger by fusion with the right common iliac arten of 
the latter It gave off a left common iliac arterv 
which fused with the distal portion of the right com- 
mon iliac artery of the larger twin to supply the single 
composite leg From the left common iliac arten of 
the larger twin arose the single umbilical artery Onlv 
a single, partly fibrosed umbilical vein was present, 
forming the ligamentum teres of the larger twin (fig 3) 
Cross section of the cord likewise showed onlj one 
vein and one artery From this it is apparent that in 
intrauterine life the placental circulation was directh 
associated only with the larger twin 



Fig S — Diagram of the circulation , arrows show the 
direction of blood flow The letters prime indicate the 
vessels in the left member of the monster A , aorta , 
IV C , inferior vena cava , L C I , left common 
iliac artery, R C I , right common iliac artery, U A , 
umbilical artery, U V , umbilical vein 

The union of the inferior venae cavae was similar 
to that of the aortas Before the autopsy was begun, 
a 35 per cent solution of diodrast was injected into the 
right brachial artery of the larger twin and a roentgeno- 
gram taken All of the main vessels of both twins 
could be clearly recognized, as illustrated in figure 5, 
a tracing made over the roentgenogram 

The transposed liver of the smaller twin weighed 40 
Gm , that of the larger, 120 Gm The gallbladders 
and biliary passages were apparently normal, as was 
also the histologic structure of the parenchyma of the 
livers The spleens, which weighed 3 Gm and 6 Gm 
respectively, were grossly and microscopically normal 
except for the transposition of the smaller one 

A double kidney formed by end to end union was 
present in the pelvis at the level of the composite 
limb, its long axis parallel to that of the main axis 
of the two trunks (fig 6) On section of the kidney 
the usual corticomedullary relations were present How- 
ever, scattered through the parenchyma were numerous 
discrete white areas (0 5 to 1 mm ) which on histologic 
examination were found to be abscesses An infiltrate 
of neutrophils was likewise found in the pelvic mucosa 


The half of the double kidney belonging to the 
smaller twin possessed two ureters that fused to form 
a greatly dilated single ureter which opened into the 
bladder posteriorly This saclike ureter may well have 
acted as an accessory bladder No stenosis of the 
orifices was present The remaining half of the kidney 
had a single ureter which passed behind the sigmoid 
flexure to open into the bladder anteriorly Its distal 
portion for a length of 0 7 cm was greatly constricted 
>et the lumen was patent Two urethral orifices were 
present at the base of the bladder The urethras 
soon fused to form a single duct which opened ex- 
ternally in normal relation to the vagina and the rectum 

At each pole of the kidney was a roughlj triangular 
adrenal gland Iwo other adrenal glands, circular in 
outline, were found in their normal positions on the 
opposite side, their shape was due to the absence oi 
the kidnejs on that side 

Two uteri as well as four fallopian tubes and foui 
ovaries were present in the pelvis (fig 6) The tubes 
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Fig 6 — Photograph of pelvic viscera m situ, the 
adjacent structures have been blocked out 1, 2, 3 
one set of fallopian tubes, ovaries and uterus , 4, 
kidney, 5, 14, adrenal glands, 6, 12, 13, ureters, 7, 
rectum, 8, 11, second set of fallopian tubes, ovaries 
and bicornate uterus, 9, urachus, 10, bladder 

and ovaries were grossly and microscopically normal 
The uterus on the side of the composite limb, though 
derived m part from each of the twins, was well formed 
and placed at right angles to the main axis of the bodj 
The vagina lay between one of the ureters and the 
rectosigmoid , it had no orifice and was greatly distended 
with inspissated mucus Fusion was incomplete in the 
second uterus, producing an extreme bicornuate struc- 
ture in which each half lay parallel to the long axis of 
the trunk The twin cervical canals opened into a 
single vagina, the orifice of which was normally placed 
between that of the urethra and the anus 

Except for a deformity of the right clavicle of the 
larger twin the bones of the trunks, the arms and the 
two legs were normal The two lumbar vertebrae of 
each trunk were acutely flexed and laterally rotated 
The central epiphyses of the single sacrum were found 
on the side of the two legs and at right angles to the 
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rest of the vertebral column The lateral sacral 
epiphyses formed an arc that extended from the last 
lumbar vertebrae to a position lateral to the central 
epiphyses The iliac, ischial and pubic bones were nor- 
mally situated in relation to the sacrum (fig 7) 

On the side of the composite limb there was an 
irregular flat bone, apparently an ilium Ihe single 
femur had a poorly developed nead and a shaft that 
flared out broadly at its distal end, where two epiphyses 
could be recognized This is the chief evidence that the 
composite limb actually resulted from the fusion of two 
leg anlages early in embrjonic development The 
proximal end of the tibia was broad, the distal end, 
narrow No fibula was present A single bone could 
be recognized m the portion of the limb which repre- 
sented the foot 

The brain of the smaller twin weighed 179 Gm , that 
of the larger, 375 Gm In both brains the gross struc- 



Fig 7 — Roentgenogram showing the bones of the 
trunk and the composite limb 



Fig 8 — Gross appearance of the ischiopagus tnpus m 
case 2 For a description see the text 


tures and convolutional markings were normal, as were 
also the circles of Willis In the brain of the smaller 
twin tlie veins were not collected into three vessels, 
but instead emptied directly into the longitudinal sinus 
They were all greatly engorged and were present in 
such large numbers as to gne the appearance of a veri- 
table brush On histologic examination of the brain 
substance the striking abnormality was a tremendous 
dilation of the capillary venous bed Although these 
vessels were normal in arrangement, their size and their 
degree of engorgement gave them a prominence which 
at first led to the belief that there was also an increase 
m number This, however, was more apparent than real 

CASE 2 

In the teratologic collection of the Armv Medical 
Museum there is another example of ischiopagus tripus 
(fig 8) Born of Filipino ■-parents these twins survived 
for fortv -six hours after birth , no further details of 


their history ai e available The teras, which is a 
female, measured 36 cm from crown to crown When 
placed m a position similar to that employed in describ- 
ing the previous specimen, the twin on the right was 
again distinctly smaller than that on the left Like- 
wise, it displayed developmental anomalies absent in 
the larger twin There were a cleft palate and lip and 
a deformed right hand wherein only the thumb was 
separate, the fingers being united to form a mitten-like 
structure The composite limb had two partly fused 
but recognizable feet, each foot bearing five toes 

On dissection the twin on the right exhibited complete 
situs inversus, which included both the heart and the 
abdominal viscera The heart had a single ventricle 
and auricle, the lungs were completely collapsed The 
aorta was broadly continuous with the right common 
iliac artery of the larger twin The venae cavae were 
likewise confluent The single umbilical artery arose 
from the left common iliac artery of this twin, which 
also received the only umbilical vein that could be 
recognized Hence, it is apparent that the circulation 
was identical with that of the foregoing teras All 
abdominal viscera were much smaller in the twin on the 
right than m that on the left Fusion of the small in- 
testines took place 6 cm proximal to the cecum The 
appendix, the large intestine and the rectum were single 
A horseshoe kidney was found m the smaller twin , two 
normally placed kidneys were present m the larger 
An adrenal gland surmounted the upper pole of each 
kidney, including the two components of the horseshoe 
kidney The ureters opened into a single bladder that 
was transverse to the main axis of the trunks A bicor- 
nate uterus with attached fallopian tubes and two ovaries 
was m normal relation to the bladder No trace of a 
second uterus or adnexa could be found 

COMMENT 

The ischiopagus belongs to the large group of 
terata known as symmetric diaxial conjoined 
twins These consist of two fairly equally de- 
veloped individuals that are partly fused This 
union may occur in the region of the head 
(cephalopagus), the thorax (thoracopagus), the 
umbilicus (omphalopagus), the buttock (pygopa- 
gus) or the perineum (ischiopagus) Numerous 
subdivisions and interstages of these forms have 
been described Both members are always of the 
same sex, which favors the view that they are 
derived from a single ovum, as are homozygous 
(identical) twins This assumption also gams 
support from the fact that junction is always 
effected by a union of like parts , e g , head to 
head, never head to buttock The absence of 
haphazard fusion indicates that in every instance 
the developing embryos must have had parallel 
axes This can be accounted for only by assum- 
ing a duplication of the developing ovum by fis- 
sion some time between the two cell stage and 
the formation of the primitive streak The sub- 
sequent union of the two individuals probably 
occurs during the first three weeks of develop- 
ment 

Considerable experimental e\idence has been 
accumulated m support of these theories In 
1915 Huber 5 opened the uteri of rats at varying 

5 Huber, G C J Morphol 26 247, 1915 
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intervals after copulation In 1 instance he found 
the two blastomeres resulting from the first 
cleavage distinctly separated by a space equal to 
about half the diametei of each of the cells They 
were normal m size, shape and structure, as also 
were their nuclei The two cells lay free in a 
slightly distended portion of the lumen and did 
not appear to have been separated as a conse- 
quence of manipulation The authors suggested 
that each might have developed into a complete 
fetus, with production of identical twins This 
possibility has since been realized by the work of 
Nicholas and Hall 6 These investigators le- 
moved ova that were in the two cell stage 
fiom rat uteri and placed them m a slightly acid 
solution of sodium and potassium chlorides 
The zona pellucida dissolved off m about three 
hours, and the two blastomeres could be readih 
separated by a jet of water When letuined to 
the uterus each undenvent noimal development 
These authors also demonstrated the possibility 
of further development aftei fusion of two ova 
Since they used unsegmented eggs rathei than 
young embiyos, they obtained a single giant 
fetus rather than a conjoined monster 

The production of double monstei s by fusion of 
embryos in the gastiula stage was first earned 
out by Spemann m 1918, using the eggs of the 
salamander Triton This material was leexam- 
med and supplemented by Wessel, 7 who showed 
that when the blastopores of the two ova weie 
placed m varying relations to each othei , the type 
of double monstei that would lesult fiom each 
relationship could be accurately piedicted The 
well known two-headed salamandei first pro- 
duced by Spemann in 1903 by constiictmg the 
egg with a hair loop is not relevant to this dis- 
cussion since it is the result of a partial duplica- 
tion of a single axis rather than of the fusion of 
two 

In the cases reported heie theie is complete 
situs inversus of the right component As long 
ago as 1865 Forster 8 emphasized the frequency 
of situs inversus m one member of a double 
monster and stated that this occurred only in the 
twin on the right Although there aie exceptions 
to the rule limiting situs inversus to the indi- 
vidual on the right of a double monstei , it is true 
foi about 90 per cent of the cases This interest- 
ing localization of the visceral anomaly was lost 
sight of by investigators until 1919, when Mor- 
rill 9 desci ibed it in three cruciate monsters of 

6 Nicholas, J S , and Hall, BY J Exper Zool 
80 441, 1942 

7 Wessel, E Arch f Entwcklngsmechn d Organ 
107 481, 1926 

8 Forster, A Die Missbildungen des Menschen 
s\stematisch dargestellt, ed 2, Jena, F Mauke, 1865, p 
136 

9 Morrill, C V Anat Rec 16 265, 1919 


the fish Fundulus and a human dicephalus tri- 
brachius In the same year appeared a paper by 
Spemann and Falkenberg 10 on situs inveisus in 
twins and double monsters The authois pro- 
vided a satisfactory explanation of this phenom- 
enon based on their findings in identical twins 
and monsters experimentally produced in the 
salamander The median limbs and trunk mus- 
cles of twins resulting from the division of a 
Triton embryo are pooily developed, whether 
this division occurs in the late gastrula or even 
in the two blastomeie stage Hence the twins 
though separate, can be recognized as right and 
left Of 25 “left” twins, 1 showed inversion of 
the heart, of 30 “right” twins, 14 had complete 
situs inversus Of 12 double monsters with an- 
tei ioi duplication, the left portion w T as noi mal in 
all and the right showed situs in\ ei sus in 10 The 
impaired development of the trunk musculatuie 
of the adjacent sides of the turn twuns resulted in 
a bending of the trunk away from the midline 
In the leit tw in this w as toward the left , in the 
right it was directed to the right In both, sub- 
sequent development restoied the normal position 
of the trunk The fiist evidence of normal 
asymmetiy is found in a twusting of the lnei 
anlage to the right associated with a bending of 
the gut to the left In the case of the left com- 
ponent of twins oi double monsters the abnoi mal 
cui vature of the trunk to the left merely accentu- 
ates this not mal as)imnetry However, m the 
right component the normal displacement of the 
gut to the left is countei balanced by the bending 
of the trunk as a w'hole to the right If this is 
sufficiently rnaiked, the gut wall be pulled to the 
light, and the livei anlage will take up a position 
to the left of it, leading to situs mvei sus viscei um 

This explanation of situs inveisus does not 
apply to the same condition when found in an 
autonomous individual In -view' of the piev- 
alence of the anomaly m conjoined twuns it was 
at one time suggested that when the anomaly w as 
iound in an othenvise normal peison one could 
assume that the person w r as one of twins the 
othei having died early m development and been 
lesoibed This theoiy has been disci edited and 
Cockayne 11 has brought forth evidence to show 
that m these cases the tendency is mhented as a 
lecessive characteristic 

Both the specimens of ischiopagus tripus heie 
leported were female Of the 14 recoided bv 
Taiuffi, 2 11 were female, the sex of the remain- 
ing 3 is unknown The one recently described 
by Moitas 4 may have been male This piepon- 
derance of the female sex is found in most types 
ot double monsters It can pi obablv be explained 

10 Spemann, H, and Falkenberg, H Arch f 
Entwcklngsmechn d Organ 45 371, 1919 

11 Cockayne, E A Quart J Med 7 479, 1938 
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m part by the fact that male fetuses aie less likely 
to survive in the presence of developmental 
anomalies than are females Potter and Adair 12 
stated that stillborn fetuses delivered early in 
pregnancy are much more commonly male than 
female Under four months 78 per cent are 
male Many of the male monstrosities are there- 
fore aborted at such an early date that anomalies 
are not readily recognized and are discarded by 
the physician Furthermore, m the cases of 
miscarriage of early pregnancy the physician 
frequently does not even see the fetus, as he 
is called in only when persistent bleeding fol- 
lows incomplete abortion 

The circulatory systems of these terata were 
remarkable for the broad union of the aortas 
wa the right common iliac arteiy of the larger 
turn Of added interest is the fact that in the 
case reported by Moitas a precisely similar 
union had occuried, indicating that given a cei- 
tam set of conditions the same result will fol- 
low, whether m normal or m abnoimal develop- 
ment In view of the complete atelectasis of 
the lungs m the smaller twin, it was only the 
union of the aortas that made survival of the 
monster possible Without it the intrauterine 
development would likewise soon have ended 
since the single umbilical vein and artery were 
m direct communication only w ith the blood 
supply of the larger twin Although the direc- 
tion of the flow of blood in the aoita and the 
inferior vena cava of the smaller twin was 
reversed, the blood in the aorta was arterial 
and that in the vena cava venous If it is true 
that the blood flowed towaid the heart in the 
descending aorta, then all its blood as well as 
that from the ascending aorta must have passed 
to the arms and the head That this actually 
took place is indicated by the large calibei and 
engorgement of the cerebral vessels of the 
smaller twin m one of the monsters 

The heart of the largei twin was normal , that 
of the smaller, distinctly abnormal Besides the 
tiansposition of the great vessels in the first case 
there were overriding of the aorta, a defect of 
the interventricular septum, stenosis of the pul- 
monary orifice and hypertrophy of the wall of 
the right ventricle These findings can be 
classified together as forming the tetralogy of 
Fallot Cockayne 11 pointed out that the most 
common cardiac anomaly in cases of complete 
situs imersus m an autonomous individual is, 
in fact, the tetralogy of Fallot The author 
stated further that cardiac anomalies are pres- 
ent m almost 10 per cent of cases showing trans- 
position of the viscera 

12 Potter, E L , and Adair, F L Fetal and Neona- 
tal Death, Chicago, Unnersits of Chicago Press, 1940, 
P 4 


The great pericardial effusion surrounding the 
anomalous heart of the first monster was not 
associated with any inflammatory reaction 
However, m the epical dium were very many 
greatly distended thm-walled vascular channels 
Companson with the same region in the normal 
heart of the larger twin showed that these ves- 
sels were five times as numerous m the abnormal 
heart and their calibers many times greater 
The dilation of these veins and the increased 
permeability of their walls due to the anoxemia 
of this twin before and after birth may account 
for the large transudate present m the pericardial 
sac 

The piesence of a fused lateral kidney m the 
first case and of a median horseshoe kidney in 
the second fits in well with the modem concept 
of the formation of compound kidneys as de- 
scribed by Lew is and Papez 13 These m\ esti- 
gators, basing then interpretation on the study 
of a large series of pig embyros, stated that the 
renal anomaly was due to the l elation of the kid- 
neys to the aorta wheie the latter divides into 
the common iliac arteries This bifui cation 
foims a crotch m which the kidneys aie lodged 
and from which they escape by migrating up- 
ward The arteries, therefore, act as a mechani- 
cal obstiuction which tends to bung the lenal 
blastemas close togethei, so that fusion ma-\ 
readily take place A piecisely similar condition 
was present m the fiist case here descnbed 
The right lenal blastema of one individual and 
the left of the other were caught m the crotch 
of the partly fused common iliac aitenes that 
supplied the composite limb Hence a lateral 
union lesulted aftei the manner of the moie 
common median fusion in autonomous indi- 
viduals as is seen in one member of the second 
ischiopagus here reported 

The incomplete double ureter of one com- 
ponent of the laterally fused kidney in case 1 
may be accounted foi by an exaggeration of the 
noimal bifurcation of the tip of the ureteial 
stalk Instead of being confined to the primitive 
pelvis the fission w ? as continued into the ureter 
We can offer no explanation for the unilateial 
renal agenesis 

SUMMARY 

In 2 cases of ischiopagus tnpus the right 
member of the pair suffered a complete situs 
inversus viscerum associated with extensile 
cardiac anomalies Likewise, m each teras there 
was an end to end fusion of the aortas so that 
the flow of blood in the aorta of the member 
on the right was reversed 

13 Lewis, F T, and Papez, J W Anat Rec 9 
105, 1915 
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In reviewing the hteratme which deals with 
the numerous attempts of many investigators 
along several distinct lines of expei imentation to 
produce glomerulonephritis in animals, it be- 
comes apparent that only those procedures m 
which specific antibodies to kidney weie em- 
ployed as the pathogenic agent have met with 
any notable and consistent success Although 
renal lesions have been pioduced by the use of 
various micro-organisms and nontoxic antigens, 
such as foreign serum, these changes have not 
been shown to be piogressive as is human glo- 
merulonephritis in a considerable proportion of 
cases However, the lesions obtained by means 
of antikidney sei urns have been shown 1 to be of 
a severe and frequently progressive nature and 
are regaided as resembling human glomerulo- 
nephritis m many lespects much more than the 
changes produced by agents othei than renal 
antibodies 

The possibility therefore suggested itself that 
human glomerulonephritis might be due to anti- 
bodies reacting specifically to renal material 
Such an interpretation, however, seemed diffi- 
cult, particularly as to the formation of such 
antibodies, since in the experiment the anti- 
kidney serum had to be prepared in an animal 
species other than the one in which the nephritis 
was to be produced 

If human glomei ulonephntis is caused by 
specific antikidney antibodies, it would have to be 
assumed that the subject’s own kidneys furnish 
the antigen for the production of these anti- 
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bodies Investigations have been undertaken 
■wheiein an attempt was made to produce anti- 
bodies m response to kidney of the same species 
by means of repeated injections of rabbit kidnej, 
either fresh or autolyzed, 2 m rabbits, however, 
the results weie entirely negative both with 
lespect to the foimation of renal antibodies re- 
acting in vitio and with respect to the produc- 
tion of nephritis 

The first evidence m favor of the possibility of 
antigenic action of renal material of the same 
species under certain circumstances was brought 
forth by Schwentker and Comploier 2b They 
repeatedly injected mixtures of rabbit kidney 
emulsion and staphylococcus toxin into rabbits 
By means of complement fixation, with plain 
rabbit kidney emulsion used as an antigen, the}’’ 
recorded positive reactions with the serum of the 
immunized animals up to a maximal dilution of 
seium of 1 80 But when the treatment con- 
sisted of injections of mixtures of rabbit kidney 
and strejjtococcus toxin (Dick toxin) they ob- 
tained only very faint reactions up to a serum 
dilution of 1 10 No reaction was detected with 
serum from rabbits which had been treated with 
either one of the toxins alone or with rabbit 
kidney alone 

The purpose m the present studies has been 
(1) to investigate more closely the possibility ol 
a production of autoantibodies to kidney incited 
by homologous kidney rendered antigenic bj 
combination with foreign antigens — particularly 
streptococci and their products — and (2) to 
ascertain whether any antibodies to kidney 
formed have the ability to react with the kidney 
m vivo, thus precipitating nephritis 

The studies have been earned out simulta- 
neously m two animal species, rabbits and rats, 
by means of essentially analogous procedures 

MATERIALS AND METHODS 

Prepaiation of Renal Material — In order to prevent 
any extensive interference by the antigens of the blood, 
the kidneys which were to be used for immunization 

2 (a) Parks, A E , Ethridge, C B , and Taussig, 
B L Proc Soc Exper Biol & Med 35 418, 1936 
( b ) Schwentker, F F, and Comploier, F C J Exper 
Med 70 223, 1939 

148 



CAVELTI-CAVELTI— AUTOANTIBODIES TO KIDNEY 


149 


and serologic work were perfused until they were free 
of blood This was done while the animal was under 
ether anesthesia by inserting a cannula either into the 
aorta near the branching of the renal arteries or, more 
lecently, into the left ventricle An outlet was pro- 
\ided by opening the right auricle Isotonic solution 
of sodium chloride at 38 to 40 C and under pressure 
of about 120 cm of saline solution was used If the 
perfusion w r as begun while the animal was still alive, 
the kidneys always became very pale in a few seconds 
Perfusion was continued for at least three to five 
minutes 

The kidneys were stripped of their capsules, weighed 
and then ground in a mortar with sand Saline solu- 
tion was added gradually to make a 20 per cent suspen- 
sion by weight Coarse particles were eliminated by 
short centrifugation The whole procedure was ear- 
ned out under strictly sterile conditions Sterility tests 
of the emulsions were set up The materials then 
were immediately frozen and kept at — 76 C in the 
carbon dioxide ice box 

Preparation of Streptococcic and Other Bacterial 
Antigens — In order to prevent the introduction of 
antigens other than those of streptococcic origin, the 
organisms (group A beta hemolytic streptococci) were 
grown on a synthetic medium prepared according to 
the description bv Bernheimer 3 The medium consisted 
in the mam of casein hydrolysate, additional amino 
acids (glutamine was found to be essential), salts, vita- 
mins and dextrose The acids which formed during 
the growth of the organisms were periodically neutral- 
ized A heavy growth was obtained by this method 
The organisms either were centrifuged out and resus- 
pended m a smaller volume of saline solution or were 
concentrated in the medium by centrifugation The 
supernatant medium was passed through a Seitz filter 
and used as a toxin The bacterial suspensions that 
were used were from 2 to 7 per cent packed bacteria 
when centrifuged in Hopkins tubes The bacterial 
suspensions usually were kept frozen at — 76 C 
Staphylococcus strain “Wood” was grown on Bern- 
heimer’s synthetic medium for streptococci modified 
slightly to contain less dextrose (0 002 per cent) and 
in addition, 0 08 per cent aminoacetic acid The filtrate 
of these cultures in amounts of 0 3 cc per kilogram 
of body weight killed rabbits in two hours 
Serologic Tests for Antibodies to Kidney — The col- 
lodion method was used predominantly for the detec- 
tion and the determination of antibodies to kidney 
Other serologic tests occasionally were employed for 
confirmatory purposes The collodion particle technic 
as used m these studies, especially with regard to the 
preparation of suitable particles (giving no nonspecific 
reaction), as well as to the optimal proportions of the 
components of the admixture, has been described in 
detail in another paper 4 A brief outline of the test 
lollows As an antigen for the determination of anti- 
bodies to kidney, extracts of rabbit or rat kidney were 
used which had been prepared simply by centrifugation 
of the kidney emulsion until the supernatant was clear 
When this was difficult to achieve, the supernatant was 
filtered through paper or a Seitz filter These extracts 
(of 20 per cent kidney emulsions) had a protein con- 
tent of approximately 0 2 per cent Equal amounts 
of collodion stock suspension (of a density to match 

3 Bernheimer, A W , Gillman, W , Hottle, G A , 
and Pappenheimer, A M, Jr J Bact 43 495, 1942 

4 Cavelti, PA J Immunol 49 365, 1944 


McFarland 3 scale no 2 when diluted 1 20) and kid- 
ney extract were mixed immediately before use The 
mixture was diluted 1 10 or 1 20 and added m amounts 
of 0 2 cc to 0 5 cc of the diluted serum, the latter 
having been prepared by the doubling dilution method 
in agglutination tubes, usually beginning with a dilu- 
tion of 1 10 The tubes were shaken, incubated for 
one hour at room temperature and then centrifuged 
for three minutes at 1,400 revolutions per minute The 
agglutinations were read while the sedimented particles 
were resuspended carefully by shaking 

Controls — Each serum was tested in low dilutions 
(1 10 to 1 80) for nonspecific reactions with plain 
collodion particles As soon as significant reactions 
of this sort were noted, new collodion particles were 
prepared In addition, with each label of serum one 
or two normal serums were tested similarly with col- 
lodion antigen Controls comprising extract of kidnev 
plus collodion particles in saline solution also were set 
up The titers were recorded in terms of serum dilu- 
tions with disregard for the further dilution which took 
place on the admixture of the antigen 

Satisfactory performance of the collodion method 
with tissue antigens had been investigated first with 
rat kidney and rabbit anti-rat kidney serum 

EXPERIMENTAL DATA 

A total of 83 rabbits in groups comprising 3 to 10 
animals were immunized with the following materials 

1 A strain of beta hemolytic streptococci isolated 
from a patient with sore throat, killed by heat (two 
hours at 60 C ) and mixed with rabbit kidney emulsion 

2 Ten separately grown strains of group A, beta 
hemolytic streptococci isolated from various persons 
with streptococcic infections, mixed, killed by heat and 
admixed with rabbit kidney emulsion 

3 The last-mentioned strains, mixed, killed with 1 
per cent by volume of chloroform, admixed with rabbit 
kidney emulsion and incubated overnight at 37 C 

4 Strain NY 5 of beta hemolytic streptococci, 
killed with 10 per cent by volume of ether and mixed 
with rabbit kidney 

5 Streptococcus strain NY 5, living, mixed with 
kidnev 

6 Dick toxin (filtrate of culture of strain N Y 5) 
plus rabbit kidney 

7 Streptococcus strain NY 5, killed by ether and 
mixed with “kidney broth ” The broth was prepared 
by heating the kidney emulsion in the autoclave at 20 
pounds (9 Kg ) of pressure for three hours The pre- 
cipitate was removed entirely by passage through a 
Seitz filter The filtrate was practically free of protein 

8 Streptococcus strain NY 5 grown on rabbit kid- 
ney emulsion for twenty-four hours, with and without 
admixture of Bernheimer’s synthetic medium to enhance 
growth, and killed by addition of ether In some 
instances, the material was precipitated with alum 
instead of the admixture of ether 

9 Three other strains of group A streptococci grown 
on rabbit kidney emulsion and killed by ether 

10 A Seitz filtrate of rabbit kidney emulsion on 
which strain NY 5 had been grown 

11 Staphylococcus toxin mixed with rabbit kidnev 

12 Hog serum mixed with rabbit kidnev 

13 Rabbit kidney emulsion 

5 McFarland, J J A M A 49 1178, 1907 
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14 The same strains of beta hemolytic streptococci 
as used in combination with kidney alone, killed by 
heat, killed by ether, and living 

15 Staphylococcus toxin 

Propoi tions of the Components of the Admit lutes — 
Various proportions were used The foreign antigen 
was admixed in amounts of about one tenth to one 
sixth of the amounts of renal material in terms of 
dry residue of each After admixture the preparations, 
if not used immediately, were kept frozen at — 76 C 
Schedules of Immunization — In the earlier experi- 
ments injections weie given twice weekly With many 
rabbits these injections were continued until the ani- 
mals had received more than forty injections Sched- 
ules comprising three injections each week on successne 
days, a rest of one week being allowed after every 
two weeks, and schedules of five to ten injections on 
successive days, also were employed Sometimes this 
treatment was repeated after a rest period of two to 
six weeks or more 

Mode of Injection and Dosage — The injections were 
given intra-abdommally , 0 3 to 10 cc of the antigen 
preparations (mixtures) were gnen each time, the 
maximal dose in most cases not exceeding 6 cc 
Bleeding — The animals were bled from the ear -vein 
on the fifth to eighth day after the last injection In 
some cases frequent bleedings were carried out to 
determine the peak of antibody production 

Conti ol Tests — Before immunization the serum of 
each rabbit was tested for the presence of antibodies 
to kidney In no case of untreated rabbits could anv 
such antibodies be detected 

RESULTS OF IMMUNIZATIONS OF RABBITS 

The seium of each rabbit was tested serologi- 
cally after eveiy two to six injections None of 
the 17 control rabbits treated with streptococci, 
staphylococcus toxin oi plain rabbit kidney 
showed any evidence of production of antibodies 
to kidney although some of them had been im- 
munized for a long time and with considerable 
amounts of the antigen (up to fifty injections) 
In all rabbits immunized with mixtures of a 
streptococcic antigen and rabbit kidney, anti- 
bodies to kidney developed, which were detect- 
able by means of the collodion agglutination 
technic, an extract of plain normal rabbit kidney 
being used as an antigen for the test The 
number of injections which weie necessary 
vaned considerably, but in several cases such 
antibodies were detected after two injections had 
been given, four days apait No tests have been 
pei formed as yet aftei one injection The maxi- 
mum titer was reached after six to twenty injec- 
tions , however, most of the animals reached 
their highest titer after twelve to eighteen injec- 
tions Subsequent, prolonged immunization 
usually resulted in a reduction of the titer, but 
w'lth some exceptions The height of the maxi- 
mum titers varied from 1 80 to 1 40,960 m 
terms of serum dilutions In a great majority 
of the cases it lay between 1 160 and 1 1,280 


As determined serologically, preparations con- 
taining whole streptococci killed by heat, ether 
or chloroform and mixed with kidney showed the 
highest activity m producing antibodies to kid- 
ney The immunization with living streptococci 
mixed with kidney yielded lower titers Con- 
siderably lowei titers were also obtained with 
Dick toxm plus kidney and staphylococcus toxin 
plus kidney Streptococci plus kidney broth 
produced good titers Treatment with the prepa- 
rations consisting of streptococci grown on rabbit 
kidney lesulted in most instances in low titers 
Hog serum plus kidney gave only doubtful re- 
sults (Table 1 gives a summary of some of 
the maximal titers observed in labbits ) 


Table 1 — Titeis of Renal Antibodies of Some Rabbit 
Semins m Tcims of the Highest Dilution of 
Semin oi Antigen Yielding a Positive Result 
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OTHER SEROLOGIC TESTS FOR ANTIBODIES 
TO KIDNEY 

A number of rabbit serums weie tested foi 
agglutination of suspensions of rabbit kidney 
cells 

Perfused labbit kidney, which had been kept 
frozen, was ground and suspended m saline 
solution The particles wei e washed two to three 
times by centiifugation Coarse particles were 
eliminated by centrifugation for one minute at 
1,500 revolutions per minute When tested 
shortly after preparation, such suspensions, which 
consisted mostly of fragments of kidney cells. 
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gave good agglutinative results The suspension 
was admixed in appropriate density to the serum 
dilutions After incubation of about one hour at 
room temperature the agglutination tubes were 
centrifuged at 1 400 revolutions per minute for 
three minutes, and the agglutinations were read 
w lule the tubes were shaken 

In essence the results paralleled those found 
with the collodion method Some differences in 
titer were observed, however , also, more tendency 
toward nonspecific agglutination was noted 
In a few cases, antigen dilution precipitin tests 
were carried out with extract of kidney as an 
antigen With serums that were relatively high 
titered m teims of collodion agglutination precipi- 
tation was obtained , it was, however, usually of 
a low order, occurung with antigen dilutions not 
exceeding 1 40 to 1 160 As these dilutions 
refer to the extract prepared by centrifugation 


A limited number of serums have been tested 
for species specificity with extracts of rat kidney 
No reaction has been noted 

Approximately 40 serums have been compared 
by means of the collodion method with respect 
to their content of antibodies to kidney and anti- 
bodies to the streptococcus used for immunization 
No consistent parallelism was found between the 
two types of antibodies , some serums of high 
titer of antibodies to kidney showed low titers of 
streptococcic antibodies, and vice versa 

One high-titered serum obtained by immuni- 
zation with mixtures of rabbit kidney and strep- 
tococci was absorbed with rabbit kidney broth 
After absorption this serum gave no seiologic 
reaction with broth of rabbit kidney but still 
reacted strongly with extract of rabbit kidney 
A few labbits which showed antibodies to kid- 
ney in the serum were killed and their seium u^as 


Table 2 — Absoi ption Expet intents Tjtcis of Renal Antibodies in Tams of the Highest Dilution of Serum Yield- 
ing Agglutination 
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ot 20 per cent kidney emulsion, the actual dilu- tested with then own kidney as an antigen The 
tion in terms of renal substance would be 1 200 same or a stronger reaction than that with kidney 
to 1 800 of normal rabbits was noted 


SPECIFICITY OF THE ANTIBODIES TO KIDNEY 
DEVELOPED IN RABBITS 

Some seiums of moderate and higher titeis 
v'ere tested serologically by means of the col- 
lodion technic with respect to organ specificity 
wuth antigens such as serum, red blood cells and 
biam of the rabbit In all cases the reactions with 
these antigens were considerably weaker than 
those with kidney as an antigen Frequently no 
reaction at all was noted with serum or brain 
The reactions with liver usually were more pro- 
nounced 

A few absorption experiments were attempted 
with rabbit liver and rabbit serum, the results of 
which are given m table 2 From this table it is 
evident that the antibodies reacting with tissues 
other than kidney could be removed by absorp- 
tion with these tissues without appreciably im- 
pairing the titers of the antibodies reacting with 
kidnej 


PRODUCTION OF ANTIBODIES TO KIDNEV 
IN RATS 

Approximately 60 rats were immunized mtraperito- 
neally with mixtures of perfused rat kidney and beta 
hemolytic streptococci which had been killed by heat or 
ether, the same strains of organisms, proportions of 
components of the admixtures and schedules of immuni- 
zation as with rabbits were used The doses varied be- 
tween 0 1 and 1 0 cc Blood was taken by syringe from 
the tail vein 

About 50 per cent of the immunized rats showed de- 
velopment of antibodies to kidney when tested sero- 
logically with collodion particles sensitized with extract 
of rat kidney The titers lay between 1 20 and 1 1,280 
It was observed on repeated bleeding after immunization 
that in rats the appearance of antibodies to kidney varied 
over a relatively long period, from about four days to 
more than three weeks after the last injection A con- 
siderable proportion of the animals therefore may have 
had such antibodies in the blood at another time than 
when tested 

As m the case of rabbits, it was found in an additional 
large number of rats that preparations consisting of 
streptococci grown on rat kidney had only slight anti- 
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genicity with respect to the formation of antibodies to 
kidney 

Control rats treated with plain rat kidney failed to 
show evidence of the production of antibodies to kidney, 
whereas controls treated with killed or living strepto- 
cocci occasionally showed some, though very slight, 
serologic reaction with rat kidney 

COMMENT 

The results presented provide evidence that 
streptococci are able m some way to confer anti- 
genicity on renal material which oidinarily is not 
antigenic m the same species The underlying 
mechanism might most easily be explained by the 
conception of haptens (represented in the kidney) 
being attached to a “carrier” of piotem nature 
(streptococcus or some of its substances) Such 
combinations when injected lead to the formation 
of antibodies — not only to the streptococcus but 
also, and independently from the latter, to kidney 
of the same species Such antibodies to noimal 
kidney of the same species have been demon- 
strated m the present experiment by several 
serologic methods agglutination of collodion 
particles sensitized with extract of kidney, ag- 
glutination of suspensions of renal cells and cell 
fragments, and m a few instances also by pre- 
cipitation of extract of kidney by the seium 
The antibodies determined by the collodion 
method also were found to react serologically 
with kidney from the same animal which fui- 
mshed the serum 

The conception of the hapten mechanism is 
supported by the observation that othei antigens 
such as staphylococcus toxin, also can act as 
a carrier foi the kidney material, lendenng it 
antigenic It seems likely that haptens of non- 
protem character were involved m the experi- 
ments which consisted of the immunization of 
rabbits with rabbit kidney broth plus streptococci 
However, as shown by the absorption expen- 
ment mentioned on page 151 lenal materials which 


are not heat stable and which presumably are 
of protein nature or are nonprotem substances 
attached to protein also are rendered highly anti- 
genic by the addition of streptococci 

Some results of the present studies seem to 
indicate that with the immunizing procedures 
employed two, and possibly more, different anti- 
bodies reacting with kidney in vitro are foimed 

The renal lesions obtained in labbits and par- 
ticularly' m rats are to be descnbed m a latei 
paper 

With respect to the genesis of glomerulone- 
phritis in man, as already suggested by Schwent- 
ker and Comploier, 2b streptococci or their sub- 
stances could easily' be conceived as the cause 
of a slight toxic damage of the kidneys during 
the height of a streptococcic infection, perhaps 
demonstrated clinically by the albuminuria and 
other ui mai y symptoms which aie noted so fre- 
quently in cases of streptococcic infection Un- 
doubtedly, material from such damaged lenal 
tissue could enter the blood stream during the 
process of leparation, peihaps still attached to 
the toxin which had acted on it On leaching 
the sites of the formation of antibodies this 
complex would act as an antigen Antibodies 
to kidney would be formed which, if they 
reach a sufficiently high level, would precipitate 
glomei ulonephntis by then specific reaction w ith 
the hapten represented in the kidney' 

SUMMARY 

Evidence is presented by means of experiments 
m rabbits and lats that group A beta hemoly'tic 
streptococci are able in some way to render renal 
material antigenic m the same species The 
antibodies to kidney' pioduced by immunization 
with combinations of streptococci and homologous 
kidney weie demonstrated by' several serologic 
methods in vitro 
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The mediastinum is the site of a large vanety 
of cysts and cystic tumors, and the following 
classification is ofteied 

Type of Tumor Derivation 

I Congenital Ectoderm 

1 Epidermoid cyst Ectoderm and mesoderm 

2 Dermoid cyst Ectoderm, entoderm and 

3 Teratoma mesoderm 

4 Pericardial celomic Mesoderm 

cyst 

5 Bronchial c}st Entoderm and mesoderm 

6 Esophageal cyst Entoderm and mesoderm 

7 Gastroenteric cyst 

(a) Gastric Entoderm and mesoderm 

( b ) Enteric Entoderm and mesoderm 

8 Cystic lymphangioma Mesoderm 

II Acquired 

1 Parasitic cjst, caused by Taenia echinococcus 

2 Neoplastic cjst, due to degeneration of a solid 
tumor 

3 Cystic hematoma, resulting from degeneration of 
hematoma 

Of considerable interest are those thought to 
be congenital In this paper the cases of 3 pa- 
tients with such mediastinal tumors aie leported , 
the genesis of the various types is discussed, and 
a review of the literature is presented 

EPIDERMOID CYST, DERMOID CYST AND 
TERATOMA 

The epidermoid cyst, the dermoid cyst and 
the teratoma make up the largest group of mtia- 
thoracic congenital cysts and tumors Although 
not lare, they are uncommon, as indicated by 
Hare’s 1 review Of 288 mediastinal tumors (in- 
cluding metastatic giowths) he found only 11 to 
be of this congenital type 

In 1825 Gordon 2 reported the first authentic 
case of congenital mediastinal dermoid cyst, con- 
taining hail, sebaceous material, a rudimentary 
mandible and six teeth A little more than one 
hundred years later, in 1933, Hedblom 3 collected 
leports of 185 cases of epidermoid cyst, dermoid 

From the Institute of Pathology, Western Resen e 
Um\ ersity and the University Hospitals of Cleveland 

1 Hare, H A The Pathology, Clinical Historj 
and Diagnosis of Affections of the Mediastinum Other 
Than Those of the Heart and Aorta, Philadelphia, 
P Blakiston’s Son & Co , 1889 , cited bj Houghton 41 

2 Gordon, J A Med-Chir Tr, London 13 12 
1827, cited by Hedblom 3 

3 Hedblom, C A J Thoracic Surg 3 22, 1933 


cyst and teratoma fiom the literature and re- 
corded 6 cases of his own, making a total of 191 
Y review of the subsequent literature up to Janu- 
ary 1944 reveals 52 additional verified cases 4 
To these are added a subsequently repoited in- 
stance of cancerous teratoma 5 and case 1 of this 

4 (a) Harrington, S W J Thoiacic Surg 3 50, 
1933, 7 191, 1937 ( b ) Pasman, R E, and Pepe, 
C J Rev Asoc med argent 47 2992, 1933 (c) 
Lambret, O Echo med du Nord 37 445, 1933 
( d ) Bevan, AD S Clin North America 13 1165, 

1933 ( e ) Hablutzel, C Schweiz med Wchnschr 

63 1308, 1933 (f) Kantrowitz, A R Am J Path 

10 531, 1934 ( g ) Hammarskjold, B Acta radiol 

15 210, 1934 ( h ) Divis, J Casop lek cesk 74 18, 

1934 (t) de Castro, J R, and Parreira, H An de 

med mt 3 935, 1934 (;) Reddingius, T Nederl 

tijdschr v geneesk 78 5334, 1934 (A.) Cisneros, R 

Bol y trab , Soc de cir de Buenos Aires 19 452, 1935 
(/) Houghton, J D Am J Path 12 349, 1936 (in) 
Piechaud, F , Poinot, J , and Bordenave, J Bull et 
mem Soc med et chir de Bordeaux, 1936, p 56 (n) 

Moir, P J Brit M J 1 463, 1936 (o) Somolinos, 
G Arch cardiol y hemat 17 1752, 1936 ( p ) Stan- 
bury, W S , and Chile, W A J Tech Methods 16 
52, 1936 (g) Schenck, SB M Rec 144 276, 1936 

(r) Jellen, J , and Fischer, W E Am J Dis Child 

51 1397, 1936 (s) Fox, J P , and Hospers, C A 

Am J Cancer 28 273, 1936 (t) Leuret, E , Piechaud, 

F and Delachaud, P Rev de med , Paris 53 61, 

1936 (») Lanza, G Arch per le sc med 63 71, 

1937 ( v ) Fanano, V Riv di pat e chn d tuberc 

11 453, 1937 (zu) Wheatley, G M Am J Dis 

Child 54 1057, 1937 (r) Smith, E Y , and Mills, R 

G J Thoracic Surg 7 338, 1938 (y) Rudenko, O 

M Vrach delo 20 511, 1938 (s) Kuzma, W Polski 

pizegl radiol 13 145, 1938 (o') Becker, B J P 

South African M J 13 659, 1939 (b') Doran, W T , 
and Lester, C W J Thoracic Surg 8 309, 1939 

(c') Heuer, G J , and Andrus, W D Am J Surg 

50 143, 1940 (d') Gray, H K , and Woodruff, R 

Minnesota Med 23 781, 1940 (A) Aguilar, H D 

Publ d centro de invest tisiol 4 309 1940 (/') van 

Joost, C R N F, and Kopp, J G Geneesk tijdschr 

v Nederl -Indie 81 969, 1941 GO Cabot Case 27052, 
New England J Med 224 207, 1941 (/;') Amorim, 

A Bol coll brasil de cirurgmes 17 17, 1942 (»') 

Beck, C S Ann Surg 116 161, 1942 (/) Friedrich, 

R Zentralbl f Chir 69 479, 1942 (k') Carlson, H 

A J Thoracic Surg 12 376, 1943 (/') Gebauer, P 

W ibid 12 458, 1943 (in') Sarroca, J L Bol 

Soc cir d Uruguay 14 52, 1943 (n') Neuhof, H J 

kit Sinai Hosp 10 402, 1943 (o') Gravano, L , Itoiz, 

O A , and Bianchetti, S L Rev Asoc med argent 
57 878, 1943 

5 Laipplj , T C , and Shiplej , R A Extragenital 
Chorion-Epithelioma in the Male, Am J Path , to be 
published 
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paper, making a total of 245 cases of epidermoid 
cyst, dermoid cyst and teratoma 

Ongm — Many hypotheses have been advanced 
to explain the origin of dermoid and teratoid 
tumors, but the exact derivation of the tissues of 
which they are composed has nevei been defi- 
nitely determined Two fundamentally different 
hypotheses are the monogerminal and the bi- 
germinal 

The monogerminal hypothesis implies that in 
every case the tumor develops from one embryo 
One of the proponents of this theory suggested 
origin by invagination of the ectoderm at the 
time of the closure of the primitive wall of the 
thorax This concept, however, was based on 
the incorrect belief that these cystic tumors were 
made up only of tegmental structures Other 
suggestions include origination from branchial 
clefts, thyroid gland and bronchi but fail to ex- 
plain the complex tumors with thiee embryonal 
derivatives Perhaps the most satisfactory 
hypothesis of the monogerminal type is the one 
indicating development fiom totipotent cells in 
embryonal rests of the urogenital fold 

The bigeimmal hypothesis maintains that there 
is a second independent embryonal anlage which 
never reaches normal body form or structure, re- 
maining as a paiasitic fetus m fetu 

Some writers contend that the complex tera- 
toma is of bigerminal origin, while the more sim- 
ple dermoid and epidermoid cysts are explained' 
by the monogerminal hypothesis 

Even though these theories offer some explana- 
tion for the development of the tumor of this 
group, they do not elucidate the fact that many 
of these tumors remain dormant or insignificant 
m size for years befoie they enlarge and produce 
symptoms 

S'et and Age of Patients — Of the 245 patients 
whose cases are leported in the literature, 106 
were males and 118 were females, in 21 cases the 
sex was not stated 

The incidence with respect to the age at the 
time when the diagnosis was established by 
operation or autopsy may be stated as shown 
in table 1 


Table 1 — Age hicidence 


Age Group 

Number 

Percentage 

Under 12 years 

31 

12 7 

12 16 years 

19 

7 8 

17 20 years 

34 

13 8 

21 30 years 

87 

35 5 

21 40' years 

30 

12 2 

41 50 years 

13 

5 3 

51 60 -\ears 

9 

3 7 

61 70 years 

1 

0 4 

Age not stated 

21 

86 


Hedblom 3*' or Con ' emence the a E e groups are those used b' 


The youngest patient was a stillborn infant , the 
oldest, a 62 year old woman As indicated in the 
tabulation, these tumors aie most common in 
the youngei age groups, 69 8 per* cent occurring 
in those less than 31 years of age 

Sh uctm es — Hedbiom’s classification divides 
the congenital intrathoracic tumors into three 
groups epidermoids, dermoids and teratomas 
The epidei molds, containing only derivatives 
of ectoderm, aie cysts lined with stratified 
squamous epithelium Their walls are made up 
of dense fibrous tissue with or without glands of 
ectodermal origin They aie filled with clear or 
milky fluid or with a gelatinous or pasty material, 
fiequently mixed with hair 

The dei moids are also cysts and have tissues 
of mesodermal as well as ectodermal origin 
Thus, in addition to hair, epithelium and glands, 
there are cartilage, bone, teeth, smooth or striated 
muscle and other structures 

The teratoma on microscopic examination 
shows tissues denved in part from entoderm, as 
well as from ectoderm and mesoderm It is 
usually more solid than the other congenital 
tumors and contains varying combinations of 
tissues denved from the digestive tract and its 
associated glands and from the respiratory tract, 
the thyroid gland and the thymus 

The 245 cases in the epidei mold, dermoid and 
teratoma groups are classified as follows 


Epidermoid group 

Microscopically examined 48 

Not microscopically examined 59 

Dermoid group 

Microscopically examined 47 

Not microscopically examined 21 

Teratoma group 

Microscopically examined 59 

Not classified 11 


Two hundred and seventeen (88 6 pei cent) 
of the growths were benign, and 28 (114 per 
cent) weie cancerous 

Symptoms and Signs — The two most common 
symptoms weie cough and pam in the chest 
Cough, which was present in 115 oatients, was 
pioductive of more or less purulent sputum in 
49 Hemoptysis was noted m 35, and ban was 
coughed up by 33 of the patients Pam m the 
chest ivith or without radiation to the shoulders 
or the arms was a prominent symptom in 78 
Other symptoms included dyspnea in 24, marked 
loss of weight in 15, palpitation m 8, hoarseness 
m 8, dysphagia m 6 and weakness in 4 

There was dulness or flatness to percussion m 
97, bulging of the chest in 38, cyanosis m 20, 
edema of the arms or the neck in 13, fever m 14, 
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displacement of the heart in 11, enlargement of 
cervical and thoracic veins m 12, signs of 
pleurisy with or without effusion in 24, signs of 
empyema in 10 and signs of pericarditis m 9 
As indicated by the age incidence, there was 
frequently a latent pei lod of several years during 
which the tumor increased in size sufficiently 
to cause recognized symptoms, and in the majori- 
ty of instances the onset of symptoms was 
insidious The duration of the symptoms up to 
the time at which the diagnosis was established 
by operation or autopsy in 151 patients was less 
than six months in 45, six months to one year in 
26, one to five years in 53, five to ten years in 
21, ten to twenty years m 5 and thirty to forty 
years m 1 

Prognosis and Tieatment — Without treat- 
ment the prognosis varies with the size, the loca- 
tion and the rate of growth of the tumor Some 
of the tumors remained small, produced only 
minor or no symptoms and were incidental un- 
expected observations at autopsy 

Roentgen treatment was of no value with the 
benign tumors and had no lasting effect in the 
cancerous ones Death occurred m all patients 
with cancel ous tumors so far as the result was 
stated 

The prognosis with surgical treatment also 
i anes with the size and the location of the tumor 
The first case m which a patient v r as operated 
on was that reported by Pohn G m 1871 , he 
drained a dermoid that presented in the neck 
Complete extirpation of such a tumor was first 
successfully accomplished m 1893, by Bastianelli 6 7 
In recent years the development of thoracic 
surgery has led to successful surgical treatment 
in many cases 

The results of surgical treatment in the cases 
leported m the literature are indicated in table 2 

Table 2 — Results of Suigtcal Treatment 


Cases in 
Which 

Pa Result 

tients Patients Is 
Patients Patients Not Im Who Not 


Treatment 

Cases 

Cured Improied 

pro\ ed 

Died 

Stated 

Drainage 
Marsupialization 
and/or partial 

22 

0 

11 

1 

8 

2 

excision 

Complete 

28 

10 

15 

0 

3 

0 

excision 

76 

55 

7 

0 

12 

2 


l 


Of the 126 patients subjected to surgical treat- 
ment, 65 (or 51 5 per cent) were cured, 33 (or 
26 2 pei cent) were unproved, and 23 (or 18 3 

6 Pohn, H Beschreibung eines Falles ton Dermoid- 
c> ste des Mediastinum anticum, Inaug Dissert , Berlin, 
G Lange, 1871 , cited by Hedblom 3 

7 Bastianelli, R Riforma med , Mav 20, 1893 , 

cited by Hedblom 3 


per cent) died The most common postoperative 
complication was a persistent bronchopleural 
fistula Complete extirpation of the tumor cured 
55 (or 72 4 per cent) of 76 patients so treated 
Thus, the treatment of choice is radical excision 
This is best accomplished before pressure symp- 
toms or infection have supervened 

PERICARDIAL CELOMIC CYSTS 

The pericardial cysts are thought to result from 
an anomalous development of the pericardium, 
which is formed by the fusion of multiple dis- 
connected lacunae If one of the lacunar cavities 
failed to merge with the others, it could persist 
and develop into a pencardial celomic cyst If, 
on the other hand, the rate of development of the 
primitive cavities was unequal, an unusually large 
lacunar space in continuity with the others could 
result in a congenital diverticulum of the peri- 
cardium 

The pericardial celomic cysts have thin, loose 
or dense fibrous connective tissue w^alls and are 
lined with a single layer of flattened endothelial 
or mesothelial cells They are situated m the 
anterior mediastinum m contact with the an- 
terior thoracic wall, the parietal pericardium and 
sometimes the diaphragm and one of the lungs 

Cases of cysts of this type have been reported 
by Dufour and Mourret, 8 Pickhardt 9 and Lam- 
bert 10 The cyst in the case reported by Dufour 
and Mourret was an incidental observation at 
autopsy m an 86 year old woman dying of cere- 
bial infarction Pickhardt leported the case of a 
53 year old woman who complained of persistent 
thoracic pam At operation a cyst of the anterior 
mediastinum was encountered and excised, with 
complete relief of the patient’s symptom Lam- 
bert reported 2 cases of cyst in the anterior 
mediastinum In each the cyst was asymptomatic 
and was discovered on roentgen examination in 
the course of routine studies In each instance 
it was removed and the patient had an uneventful 
postoperative course 

BRONCHIAL CYSTS 

Bronchial cysts have also been referred to as 
bronchogenic, ciliated columnar epithelial and 
reduplication cysts of the respiratory tract The 
theoretic origins include a pinching off of a 
diveiticulum of the foregut m the region of the 
tracheal bud, a secondary budding of the tracheal 
bud itself and an abnormal division of the 

8 Dufour, H , and Mourret Bull et mem Soc 
med d IjoP de Paris 53 1482, 1929, cited by Lam- 
bert 10 

9 Pickhardt, O C Ann Surg 99 814, 1934 

10 Lambert, A V S J Thoracic Surg 10 1, 
1940 
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tracheobronchial tiee at a latei stage of develop- 
ment 

Oiigin — A developmental abnormality seems 
probable because of the way in which the tiachea 
and the bronchi are formed from the pnmitive 
foregut In the 2 5 mm embryo the trachea and 
lung bud are seen as a peai -shaped mass attached 
to the ventral bordei of the esophagus In the 
4 mm embryo the bud begins to bifurcate and 
the respiratory organs are lepresented by the 
laryngeal groove, the tubular trachea and two 
lung buds or primary bronchi At this time the 
cavity in the primitive respiratory organs is still 
continuous with that of the trachea The trachea 
becomes separated from the esophagus by the 
downward growth of the lung buds and the up- 
ward extension of the notch between the lungs 
and the esophagus The fusion of the lateral 
walls to form the tracheoesophageal septum be- 
gins from below It would seem that at this 
time a pinching oil of a small bud or divei ticulum 
ot the foregut might occur This could subse- 
quently be carried caudally by the downward 
growth of the lungs to the mediastinum Such a 
diverticulum would contain entoderm and meso- 
deim destined to become a part of the trachea, 
the bronchi, the esophagus, the stomach or the 
intestine This theory offers an explanation foi 
bronchial, esophageal, gastric and enteric cysts 
of the mediastinum 

Stuictme and Location — Bionclnal cysts may 
contain any or all of the tissues that are normally 
present m the trachea and the bionchi Typically 
they are lined with ciliated pseudostratified co- 
lumnar epithelium (fig 2) In some areas the 
cilia and even the epithelium may be absent 
Their walls consist principally of fibrous con- 
nective tissue and may contain mucous glands, 
hyaline cartilage (fig 3), smooth muscle, which 
is sometimes arranged in layers, nerve trunks 
and elastic fibers Some of the cysts considered 
to be bronchogenic are in part lined with stratified 
squamous epithelium They vary m size and 
usually contain clear viscid fluid or gelatinous 
material Although they may occur at any site 
along the tracheobronchial tree, they are most 
common in the posterior part of the superior 
mediastinum, particularly m the region of the 
tracheal bifurcation The cysts had unusual loca- 
tions in one of the cases reported by von Wes- 
tenryk 11 and in that described by Stoeckemus 12 
In both instances the ciliated epithelial cysts 
w r ere small and unexpected discoveries at autopsy 
Von Westenryk’s case was that of a 38 year old 

11 von Westenryk Prag med Wchnschr 25 373, 
1900 

12 Stoeckemus, W Zentralbl f Herz- u Gefass- 
krankh 11 73 and 89, 1919 , cited by Ehlers 140 


man wdio died with light hemiplegia A small 
cyst was piesent in the submucosa of the lower 
part of the esophagus Stoeckemus described a 
similar small cyst within the heart at the uppei 
end of the posterior papillary muscle of the left 
ventricle This was an incidental observation m a 
45 year old man who died of pneumonia aftei 
gastrectomy for carcinoma 

The lumens of the cysts typically do not com- 
municate with the trachea oi the bionchi A 
communication wnth the trachea w r as observed 
m the 5 cases reported by Chian 13 In these 
instances the anomalies w ere tracheal diverticula 
and not tiue cysts 

Nmnbei — Thirty-foui cases 14 of mediastinal 
cyst of bionclnal type had been reported in the 
literature up to January 1944 To these is added 
case 2 of this papei , making a total of 35 

Sex and Age of Patients — Of the 35 patients, 
19 w'ere males, and 14 w'ere females, in 2 in- 
stances the sex was not indicated 

The distribution of^ the cases with regard to 
the age at the time when the diagnosis was con- 
firmed by opeiation oi autopsy is shown in 
table 3 

Other piobable cases have been leported by 
Harrington, 13 Walzel, 10 Ellis 17 and Stoeckel 18 

13 Chian, H Beitr z path Anat u z allg Path 
5 329, 1888 

14 (a) Stilling, H Virchows Arch f path Anat 

114 557, 1888 ( b ) Joel, J ibid 122 381, 1890 (c) 
Zahn, F W ibid 143 170, 1896 (rf) von Rau, F 

ibid 153 26, 1898 O) -1011 Wjss, H ibid 51 143, 
1870 (/) Eppinger Pathologische Anatomic des 

Larynx und der Trachea, Berlin, A Hirschuald, 1880 
p 256 , cited by von W estenryk 11 (<7) Herrmann 

Prag med Wchnschr 15 146, 1890, cited by \on 

Westenryk 11 (/1) Fletcher, H M Tr Path Soc 
London 48 249, 1896-1897 (t) von Springer, C 

Prag med Wchnschr 23 393, 1898, (;) Wechsberg, 
F Centralbl f allg Path u path Anat 11 593 

1900 (/v) Bert, P , and Fischer, B Frankfurt 

Ztschr f Path 6 26, 1911 (/) Blackader, A D , and 
Evans, D J Am J Dis Child 51 1126, 1936 (in) 
Gold, E Beitr z path Anat 11 z allg Path 68 278, 

1921 («) Nossen, H Deutsche med Wchnschr 51 

1151, 1925 (0) Ehlers, H W E Deutsche Ztschr 

f Chir 215 189, 1928 (/>) Mixter, C G, and Clifford 

S H Ann Surg 90 714, 1929 ( q ) Alford, J E 

Arch Path 23 296, 1937 (?) Rizzi, I Arch ital di 

anat e istol pat 8 689, 1938, cited by Carlson 14v (s) 
Johnston, L M Am J Dis Child 56 313, 1938 (/) 

Congenital Cyst of Mediastinum, Cabot Case 26291 
New England J Med 223 105, 1940 («) Wyllie, W 

G, and Pilcher, R S Arch Dis Childhood 18 34, 
1943 (v) Carlson, H A J Thoracic Surg 12 376, 
1943 (w) Adams, W E, and Thornton, T F ibid 
12 503, 1943 (r) Heuer and Andrus 4 ^ (y) Stoeck- 

enius 12 (2) von Westenryk 11 — 

15 Harrington, S W Arch Surg 19 1679, 1929 

16 Walzel, P Beitr z klm Chir 158 654, 1933 

17 Ellis, W B Proc Rov Soc Med 28 666, 
1935 

18 Stoeckel, K H Zentralbl f Gynak 59 2178, 
1935 



LAIPPLY— MEDIASTINAL CYSTS AND CYSTIC TUMORS 


157 


In these instances the stiuctuie was suggestne 
but not absolutely chaiacteristic of a bronchial 

C}St 

Symptoms and Signs — Because of then fre- 
quent occurience m the region of the tiachea and 
the main stem bronchi, bionchial cysts of small 
size may produce signs of obstruction in the an 
passages early in life Not infrequently, how- 


evei, as in 16 of the 35 cases, the cysts remain 
quiescent, produce no symptoms and are dis- 
covered at autopsy The cysts were incidentally 
observed at autopsy in the cases of the 60 yeai 
old woman and the 66 year old man reported by 
Beit and Fischei 141 and by Rizzi, 14r respectively, 
as veil as m 14 other instances Most commonly, 
however, the symptoms appear during the first 



sebaceous glands are in adjacent connective tissue Hematoxylin and eosin, X 385 

Fig 2 (case 2) — Typical bronchial or ciliated pseudostratified columnar epithelium lines the cyst Hematoxylin 
and eosin, X 158 

Fig 3 (case 2) — Cartilage and bone are present in the cyst wall The inner part of the lining ciliated pseudo- 
stratified columnar epithelium is desquamated Hematoxylin and eosin, X 117 


Table 3 — Age Incidence 


Age Group 

Number 

Stillborn 

i 

Less than 1 'ear 

9 

1 to 9 jears 

3 

10 to 19 years 

1 

20 to 29 jears 

3 

30 to 39 years 

7 

40 to 49 jears 

4 

50 to 59 jears 

2 

60 to 69 jears 

2 

Age not stated 

3 


few months of life It is even possible that the 
infant with such a cyst may be stillborn because 
of it Cyanosis, dysphagia (difficult}' in feeding) 
and cough are also fiequent 

Examination may reveal signs of pneumonia 
or atelectasis of the lung Dulness to percussion, 
cardiac displacement, bulging of the thorax and 
scoliosis may be noted The diagnosis dui mg 
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life may be difficult or impossible to reach because 
of the small size and the posterior position of the 
cyst Such cysts are difficult to visualize by 
roentgen rays, especially when, as is commonly 
true, they are surrounded by atelectatic or con- 
solidated pulmonary tissue Bronchogiaphy and 
especially bronchoscopy should be helpful in diag- 
nosis by demonstrating the narrowing of the tra- 
chea or of the bronchi due to extrinsic pressuie 

Treatment — As with other mediastinal cysts 
and tumors, complete excision is the treatment 
of choice In 6 of the reported cases the patient 
was operated on The cyst m 4 was completely 
removed, and the patient was cured, m 2 cases 
death resulted from the operation 

ESOPHAGEAL CYSTS 

Esophageal cysts would have structures simu- 
lating the normal esophagus It seems likely 
from the developmental standpoint that stlch 
cysts could occur m the mediastinum Never- 
theless, none of those repotted in the literature 
has been so classified 

Esophageal cysts would be lined with stratified 
squamous epithelium and would have fibrous 
connective tissue walls, possibly containing 
mucous glands and layers of smooth muscle 
They should be differentiated from epidermoids 
and dermoids, which do not closely simulate the 
stiucture of the esophagus 

Several of the cases reported in the literature 
have had tissues like those of two different or- 
gans Such mixed cysts are easily explained as 
developmental abnormalities The following 
mediastinal cysts of mixed type have been re- 
ported gastric and esophageal (Carlson 415 , 
Stahehn and Burckhardt 19 , Smith 2 -), bronchial 
and esophageal (Adams and Thornton 14x ) and 
tracheal and esophageal (Guillery 21 ) The pre- 
dominance of either gastric or bronchial elements 
has resulted in their being classed as either gas- 
tric or bronchial cysts 

In the case reported by Melchoir 22 thei e \\ as 
a mediastinal cyst with a microscopic structure 
much like that of the normal esophagus The 
lining epithelium was almost entirely of the 
stratified squamous type and the fibrous con- 
nective tissue wall contained mucous glands A 
single focus of columnar epithelium was noted, 
but the presence of cilia could not be established 
with certainty The author considered this to be 

19 Stahehn and Burckhardt Arch'f Verdauungskr 
15 584, 1909, cited by Seydl 24 

20 Smith, R E Guj’s Hosp Rep 80 466, 1930 

21 Guillen, H Zentralbl f allg Path u path 

Anat 69 49, 1937 

22 Melchoir, E Zentralbl f dhir 56 2626 1929 


a bronchial cyst, the original bi onclnal epithelium 
having undergone metaplasia to the stratified 
squamous type Such an occurrence certainly 
cannot be denied but it also seems possible that 
the pinching off of a portion of foregut made up 
of tissue destined to be esophageal could have 
occurred 

GASTROENTERIC CYSTS 

This group consists of cjsts tilth structures 
simulating normal stomach and intestine Their 
origin has been ascribed to the pinching off of a 
bud or a diverticulum of the embryonic foregut, 
to an mtrathoracic vestige of the omphalomesen- 
teric (vitelline) duct and to proliferation of an 
entodermal germ cell of the esophagus 

Occasionally the gastric and enteric cysts are 
structuially so similar that careful examination 
of several sections from different portions of the 
wall is necessary for proper classification As 
indicated in an earlier section, some of the cysts 
in this group also contain esophageal, tracheal 
or bronchial elements 

GASTRIC CYSTS 

Structure and Location — The microscopic 
features of the gastric or gastrogemc cysts are 
like those of normal stomach All of the coats 
of normal stomach may be present the mucosa, 
the muscularis mucosae, the submucosa, the mus- 
culans and the serosa (fig 4) In the lining 
mucosa there are deep branching glands of the 
gastric type (fig 5), and m some instances both 
parietal and chief cells may be present Nerve 
trunks and groups of ganglion cells occur in the 
muscularis The outer surface is usually in part 
covered with pleura The continuity of the lining 
mucosa may be interrupted, and lesions simulat- 
ing chronic peptic ulcers were noted in the 
mediastinal gastric cysts described by Boss 23 
and by Seydl 24 In both instances the ulcers had 
penetrated into the adjacent lung, resulting m 
mtrapulmonary hemorrhage and hemoptysis 
These cysts are usually situated paraverte- 
brally in the posterior mediastinum, behind the 
trachea and the esophagus They vary consider- 
ably in size, are usually unilocular and contain 
from a few to several hundred cubic centimeters 
of clear amber, turbid or sanguineous viscid 
fluid This fluid may be neutral or strongly acid 
in reaction The cysts are frequently fiimly ad- 
herent to adjacent structures, especially the 
esophagus and the lung Attachment to or exten- 
sion into the diaphragm and erosion of vertebrae 

23 Boss, C Virchows Arch f path Anat 300 166, 

1937 

24 Seydl, G N Frankfurt Ztschr f Path 52 346, 

1938 
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and ribs were noted in the cases reported by Mix- 
ter and Clifford 14p 

Number — Twelve cases 25 of mediastinal gas- 
tric cyst had been recorded in the literature up to 
Jan 1, 1944 To these are added the case re- 
cently reported by Olken 26 and case 3 of this 
paper, making a total of 14 such cases 

Sev and Age of Patients — Of the 14 patients, 
8 were males, and 5 were females , in 1 case the 
sex was not stated 

All the patients were infants or children, as 
indicated m the following tabulation 

Number 

Less than 1 year 7 

1 to 2 years 4 

2 to 10 years 3 

Symptoms and Signs — The symptoms, like 
those of other similarly located cysts, are largely 
due to compression of the trachea or the bronchi 
and include dyspnea, cyanosis, dysphagia (dif- 
ficulty in feeding) and occasionally, even in in- 
fants, 24 hemoptysis 

The physical findings may be primarily those 
of pulmonary atelectasis or pneumonitis Car- 
diac displacement, scoliosis and bulging of the 
chest also occur Although the contents may be 
neutral in reaction, the aspiration of strongly 
acid fluid should be helpful in diagnosis 

Treatment — In 6 of the 14 cases complete 
■ surgical excision was attempted In 3 complete 
excision cured the patient, m the other 3 death 
occurred during or soon after the operation 

ENTERIC CYSTS 

These have also been called enterogenous cysts, 
Entei okystome, Darmkystome and Daimzysten 
(intestinal cysts) They are similar to the gastric 
cysts except that their microscopic structure 
simulates that of the normal intestine 

N umbel — Three cases with such mediastinal 
cysts 27 had been recorded m the literature up to 
Jan 1, 1944 Two other probable cases of enteric 
cyst have been reported 28 The absence of mucosa 
in the cyst in each case prevents exact classifica- 

25 Entz, B , and Orosz, D Frankfurt Ztschr f 
Path 40 229, 1930 Fischer, W Virchows Arch f 
path Anat 275 711, 1930 Poncher, H G, and Milles, 
G Am J Dis Child 45 1064, 1933 Nicholls, M F 
Brit J Surg 29 137, 1940 Mixter and Clifford 14 p 
C arlson 4k ' Wyllie and Pilcher 14u Guillery 21 Stahelm 
and Burckhardt 19 Smith 20 Boss 23 Sejdl 24 

26 Olken, H G Am J Path 20 997, 1944 

27 Roth, M Virchows Arch f path Anat 86 371, 
1881 Brass, K Frankfurt Ztschr f Path 50 26, 
1936 Schminke, A Virchows Arch f path Anat 
227 12, 1920 

28 Henmg, C Centralbl f Gynak 4 398, 1880 
Black, R A , and Benjamin, E L Am J Dis Child 
51 1126, 1936 


tion Both cases should, therefore, be desig- 
nated as cases of gastroenteric cyst of the medi- 
astinum 

Sex and Age of Patients — Four of the 5 pa- 
tients were males, and 1 was a female Three 
were, stillborn, 1 v'as 15 months old and 1 was 
4J4 months of age 

Intra-abdommal cysts of similar type were 
present in 3 of the 5 cases of enteric or probable 
enteric cyst The concomitant occurrence of 
such cysts in the abdomen and the thorax sug- 
gests the possibility of their originating from the 
omphalomesenteric duct 

CYSTIC LYMPHANGIOMA 

Cystic lymphangioma (cystic hygroma) is 
probably of congenital origin and is among the 
less common of the mediastinal cystic tumors 
It is characterized by multiple variable-sized 
cystic spaces, lined with a single layer of endo- 
thelium and containing gelatinous material or 
fluid that is clear and colorless or brown The 
fibrous connective tissue between the spaces not 
infrequently contains scattered smooth muscle 
fibers, foci of lymphocytes, fat cells and choles- 
terol crystals The lesion is not encapsulated and 
has ill defined borders, usually intimately asso- 
ciated with the great vessels and surrounding 
structures, thus making complete excision almost 
impossible Attempts at removal may lesult in 
profuse bleeding 

The mode of origin is not certain It is sug- 
gested that a portion of the anlage for the forma- 
tion of blood vessels is drawn down from the gill 
clefts by the descent of the pericardium An origin 
from the thymus has also been considered In 
some cases the mediastinal cystic lymphangioma 
may be the result of direct mtrathoracic extension 
of a similar tumor of the neck 

Cases of mediastinal lymphangioma have been 
reported by Michaelis 29 and by Skinner and 
Hobbs 30 The symptoms are not pathognomonic 
of this type of cyst but the onset of symptoms is 
probably earlier than m others 

REPORT OF CASES 

Case 1 — R P , a white woman 22 years of age, 
was admitted to the hospital on June 16, 1944 She had 
been m good health until several months prior to 
hospitalization, when she contracted lobar pneumonia, a 
roentgenogram of the chest revealed a large tumor of 
the mediastinum Several roentgen treatments were 
given over the site of the tumor It apparently de- 
creased in size for a short time and then began to 

29 Michaelis, O Deutsche Ztschr f Chir 242 250, 
1934 

30 Skinner, G F , and Hobbs, ME J Thoracic 

Surg 6 98, 1936 I 
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Fig 4 (case 3) — Four coats like those of the intestine are present in tne cyst wall (a) mucosa, (o') 
muscularis mucosae, ( b ) submucosa, (c) musculans (two layers), (d) serosa Hematoxylin and eosin, X 165 
Fig 5 (case 3) — Glands like those of gastric mucosa are m the inner part of the cyst Hematoxylin and 
eosin , x 102 
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enlarge relatively rapidly During the nine months 
subsequent to her recovery from pneumonia the patient 
had a persistent cough, productive of thick yellow 
sputum The cough was worse when she was in the 
recumbent position Blood was coughed up on two 
occasions For two weeks before hospitalization she 
had had constant substernal pain 

On admission she was normally developed and well 
nourished The body temperature was 37 8 C (100 F ), 
the pulse rate 100, the respirator}’- rate 25 and the blood 
pressure 130 systolic and 90 diastolic The thorax was 
s}inmetric and normally resonant, with diminished 
breath sounds to the right of the midline posteriorly at 
the level of the fourth to the sixth thoracic vertebrae 
The urine was normal , the blood count showed 8,600 
white cells The hemoglobin w'as 75 per cent (Salih) 
Roentgenograms showed a lobulated, sharply defined 
tumor (12 by 5 by 6 cm ) along the right side of the 
heart In its upper part were several molar teeth and 
an irregularly shaped mass of bone A diagnosis of 
teratoma was made 

On her third day m the hospital the patient was 
operated on The anterior portion of the right fourth 
rib was resected, and a large cystic tumor was seen in 
the anterior mediastinum, about 10 cm in diameter 
The tumor was firmly adherent to the upper lobe of 
the right lung, from which it was dissected with con- 
siderable difficulty The outer portion of the cyst wall 
could, not be completely excised, but all of its inner 
portion and contents were removed The lung was cut 
into and sutured at several sites A drainage tube was 
inserted For nine days after the operation the patient’s 
temperature fluctuated between 38 2 and 41 C (100 7 and 
105 8 F ) The white blood cell count varied between 
14,600 and 13,200 Over a period of eleven days follow- 
ing the operation 1,275,000 units of penicillin w r ere ad- 
ministered After this the patient gradually improved, 
and her temperature returned to normal She was 
discharged on the seventeenth postoperative day 

The surgical specimen consisted of four irregularly 
shaped pieces of tissue, weighing 205 Gm , e\ identiv 
portions of the wall of a cyst There was a large piece 
of bone with two attached molar teeth, considerable 
grumous material in which there W'ere many brown 
hairs, some gray fibrous tissue and yellow fat Micro- 
scopic examination show'ed the cyst to have a stratified 
squamous epithelial lining The wall consisted of 
fibroadipose tissue of mature type, and in its inner 
portion there were many hair follicles and sebaceous 
glands (fig 1) Attached to one part was a small 
piece of lung, the seat of marked acute and chronic 
interstitial pneumonitis 

Diagnosis Dermoid cyst of the anterior mediastinum 

Case 2 — J M, a Negro man aged 45 years, was 
hospitalized because of painless jaundice and marked 
loss of weight An exploratory laparotomy revealed 
tumor in the peripancreatic tissue, the omentum and 
the liver The tissue was unusually friable, and an 
artery was inadvertently torn Shortly after the pro- 
found hemorrhage which resulted, the patient went into 
shock and died 

Autopsy (Dr O Eitzen) revealed w'ell differentiated 
scirrhous adenocarcinoma of the tail of the pancreas 
with metastases in the livei, the peritoneum and the 
abdominal lymph nodes and extension into and partial 
obstruction of the main hepatic bile duct There were 
also laceration of the gastroduodenal artery, generalized 
icterus and cholemic nephrosis 

An incidental finding was a c>st in the superior 
mediastinum, measuring 6 cm in diameter It was 
attached to the superior surface of the heart, posterior 
and to the left of the ascending aorta It was firmly 
adherent to the outer surfaces of the atriums, the 


parietal pericardium, the trachea and the upper portions 
of the lungs Its wall consisted of firm pale gra} 
tissue and varied from 1 to 2 mm in thickness The 
inner surface was in large part glistening and pale gra>, 
but at some sites it w'as rough and yellowush browm 
The contents consisted of viscid turbid dark brow n 
fluid which solidified on fixation in 4 per cent solution 
of formaldehyde 

Microscopically, the cyst was lined with ciliated 
pseudostratified columnar epithelium In the roughened 
areas the epithelium was absent and there w’as 
hemosiderin in the inner part of the wall, indicative of 
remote hemorrhage The wall consisted of fibrous 
connective tissue in which there w’ere hyaline cartilage, 
spicules of bone and groups of smooth muscle fibers 
(fig 3) 

Diagnosis Bionchial cyst of the superior medi- 
astinum 

Case 3 — The patient was a premature white bov with 
a body weight of 1,500 Gm and a length of 38 cm In 
the lower thoracic and lumbar regions there was a large 
defect of the skin, subcutaneous tissue and dorsal 
portions of the vertebrae Death occurred twenty- 
seven hours after birth 

Autopsy (Dr B Chomet) showed a cyst in the 
posterior mediastinum, measuring 3 by 2 5 by 2 cm It 
contained light brown fluid and had a glistening inner 
surface and pale gray wall, 1 mm m thickness The 
cyst was immediately adjacent to but not connected 
with the esophagus Microscopic examination revealed 
distinct coats like those of the intestine (fig 4) The 
outer dense fibrous connective tissue layer was like 
intestinal serosa Adjacent to this was a muscular 
coat with an outer circular and an inner longitudinal 
layer Submucosal and mucosal coats were also evident, 
with a thin muscularis mucosae The lining epithelium 
was largely of simple columnar type, but in some regions 
(fig 5) there were high columnar epithelial cells and 
glands of a mucus-secreting type 

Diagnosis Gastric cyst of the posterior mediastinum , 
spina bifida, umbilical hernia, Meckel’s diverticulum and 
fetal atelectasis of lungs 

SUMMARY 

The great variety of mediastinal cysts and 
cystic tumors may be classified as congenital 
(six types) and acquired (three types) A le- 
view of the literature reveals a large number, m 
the congenital group Additional dermoid, 
bronchial and gastric cysts of the mediastinum 
are reported in this paper With these there are 
recorded m the literature 245 epidermoids, der- 
moids and teiatomas, 35 bronchial cysts, 14 
gastric cysts and at the most 5 enteric cysts of 
the mediastinum Eleven and four-tenths per 
cent of the epidermoids, dermoids and teratomas 
were cancerous All other types of congenital 
mediastinal cysts were noncancerous Such cysts 
and tumois may give rise to symptoms late in life 
but the majorit) have reached sufficient size to 
cause symptoms during the first three decades 
The most common symptoms were cough, pam 
m the chest dyspnea and hemoptysis The treat- 
ment of choice is complete surgical excision — if 
possible prior to the development of pressure 
sy mptoms or infection 



SOME ENDOCRINOLOGIC CONSIDERATIONS OF CANINE 

NEOPLASTIC DISEASES 

R M MULLIGAN, MD 

DENVER 


The histologic study of a number of canine 
neoplasms observed at autopsy and in surgical 
specimens and some preliminary success in the 
production of neoplasms m dogs by means of 
carcinogens stimulated a review of the available 
literature on canine oncology in an attempt to 
assemble pertinent facts to foim a base line for 
future investigation m this field Of particulai 
interest m the publications surveyed was much 
material concerned with neoplasms of endocnne 
glands and of the male and female genital tract 
The mam headings under which the various 
endocnnologic considerations of canine neoplastic 
diseases will be taken up are as follows “Neo- 
plasms of Endocrine Glands Associated with 
Endocnmc Disturbances,” “Neoplasms of the 
Male Genital Tract,” “Neoplasms of the Female 
Genital Tract,” “Neoplasms of Other Endo- 
crine Glands,” “Infectious or Venereal Sarcoma” 
and “Mammary Neoplasms ” 

NEOPLASMS OF ENDOCRINE GLANDS ASSOCIATED 
WITH ENDOCRINIC DISTURBANCES 

A syndrome of feminization in male dogs as- 
sociated with carcinoma of the testis and 
mimicked following the administiation of estro- 
gens was recently summarized 1 as it occuued in 
6 male dogs described in the literature These 
animals possessed some or most of the following 
features (1) adenocarcinoma of the testis, (2) 
varying 'degrees of atrophy of the opposite testis, 
(3) stratified squamous epithelial metaplasia of 
the prostatic urethra, ducts and acini with hyper- 
trophy of the prostate, (4) hyperplasia of the 
ducts and acini of the breasts with mammary en- 
largement, (5) swelling of the penile sheath, (6) 
loss of hair, (7) attraction of other male dogs, 
like a female dog in estrus, and (8) depression of 
libido Two other cases probably related to the 
6 already reviewed include case 2 of Baldom 2a 
and that of a cryptorchid dog described 

From the Department of Pathology, University of 
Colorado School of Medicine 

1 Mulligan, R M Am J Path 20 865, 1944 

2 Baldom, A Mem r Accad d sc d 1st di 
Bologna (o) 5 33, 1927-1928, (b) 10 183, 1912-1913, 
10 37, 1922-1923 


by Ki ause 3 Baldom’s case 2 w>as that 
of a male hound-pomter cross, about 10 
yeais old, which m the course of nine 
months displayed gradual increase in the size 
of the right testis and later enlargement of 
all breasts The right scrotal testis was as large as 
a fist, the left testis w r as small and there were 
tumors in the fourth and fifth breasts Histologic 
examination of the surgically removed tumors 
indicated that the testiculai neoplasm was a 
carcinoma (seminiferous epithelioma oi semi- 
noma of Chevassu) and that all four mammary 
neoplasms were adenocarcinomas The histologic 
characteristics of the testicular tumor w^ere the 
same as those of the carcinomas in ectopic testes 
descnbed by the author in 1913 and 1923 2b 
Neither of these articles was obtainable for first 
hand perusal Baldom’s case 1 was that of a 
male pointer, about 7 years old, which for seven 
months had a tumor of the right hindmost breast, 
which gradually enlarged to the size of a fist The 
animal had ahvays showed strong sexual desire, 
but with the appearance of the mammary tumor 
it had become more retiring and remained indif- 
ferent to the presence of bitches in heat His 
stamina in the hunt and his general conduct 
were unaltered His testes were firm and slightly 
tender The excised mammary tumor was histo- 
logically a fibroadenoma Worthy of mention in 
this case, according to Baldom, was the coinci- 
dence of disappearance of strong sexual desire, 
an indication of testicular atrophy, with the start 
of the development of the mammary fibroade- 
noma Baldom stated that it had been demon- 
strated in man that the breasts may be stimulated 
after traumatic testicular atrophy (Pende , Falta), 
iodine intoxication (Bergess) or other types of 
intoxication, like hepatic cirrhosis (Silvestnni , 
Corda , Zanalda , Monai , Tattom) and that some- 
times after extirpation of the testes in adults the 
mammary glands increase m size (Tobler) and 
even become functional Baldom mentioned a 
Swiss bull which soon after castration showed a 
remarkable enlargement of the breasts and pro- 
duction of milk Krause 3 descnbed a male hound 

3 Krause, C Frankfurt Ztschr f Path 41 405, 
1931 
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8 years old, which six years before had been 
submitted to orchidectomy of the left side because 
of excessive sexual urge After this operation he 
was never known to have had coitus again 
Autopsy revealed an enlarged right testis in the 
right iliac region The left testis (presumably 
formerly scrotal) was operatively absent Also 
observed were a greatly enlarged, cystic prostate, 
a hypertrophied urinary bladder and a thickened 
urethra The anatomic diagnoses after histologic 
study were alveolar carcinoma of the right testis, 
carcinoma of the prostate, hypertrophy of the 
urinary bladder, chronic pyelonephritis and 
atrophy of the right epididymis and ductus defer- 
ens The anatomic description and photomicro- 
graphs of the prostate when carefully perused 
indicate that the true condition of this gland 
was stratified squamous epithelial metaplasia of 
the prostatic urethra, ducts and acini and not 
carcinoma The hypertrophy of the urinary 
bladder and the chronic pyelonephritis were 
probably the results of prostatic enlargement and 
urethral obstruction The diagnosis of carcinoma 
of the right intra-abdominal testis in this case is 
unquestionably valid from the evidence presented 
Zuckerman and McKeown 4 reported observations 
on a group of 15 dogs with testicular adeno- 
carcinoma Five of these dogs showed concomi- 
tant squamous metaplasia of the gland system 
of the prostate and a sixth dog had an associated 
prostatic carcinoma The authors presumed that 
estrogenic hormone had been elaborated by the 
adenocarcinoma in the 5 dogs with squamous 
metaplasia of the prostate, a finding indicating 
estrogenic stimulation In summary, it may be 
said that male dogs suffering from testicular 
carcinoma may show certain clinical abnormali- 
ties and tissue changes, which have been detailed , 
the basis for these is some sort of estrogenic 
stimulation through a substance elaborated di- 
rectly by the testicular tumor or of some sub- 
stance secreted by the tumor and changed by a 
metabolic process into a compound wuth a femin- 
izing action 

Although not strictly a neoplasm but rather a 
form of hyperplasia, benign prostatic hyper- 
trophy (which commonly occurs ill old male dogs 
as demonstrated in 22 of 37 male dogs afflicted 
with this lesion m the series of Goodpasture 5 ) 
may be influenced to the point of regression by 
castration Hobday 6 described 3 male dogs m 

4 Zuckerman, S , and McKeown, T J Path & 
Bact 46 1, 1938 

5 Goodpasture, E W J M Research 38 127, 
1918 

6 Hobday, F T G Surgical Diseases of the Dog 

and Cat, edited by J McCunn, Baltimore, Williams & 
Wilkins Company, 1939, pp 273-274 


which prostatic hypertrophy was relieved by 
castration The first was a toy terrier, about 4 
years old, with strangury, oliguria and prostatic 
enlargement so severe that a catheter could not 
be passed Within three weeks after castration 
performed after the animal had been anesthetized 
with chloroform, urination was free, a catheter 
was passed easily, the prostate was smaller, and 
other symptoms were absent The second was a 
collie, 9 years old, with straddling gait of the 
hindlegs, difficult) m walking or rising, objective 
pam in the loms and flanks, and difficulty m start- 
ing his stream, with subsequent passage of a 
large amount of urine Ten days after castra- 
tion, urine was passed easily, and the formerly 
enlarged prostate was much smaller The third 
was a Dandle Dmmount, about 1 1 years old, wuth 
dysuna, straddling gait and an enormous pros- 
tate, painful to pressure Thiee days after cas- 
tration the urinary flow was unimpeded , no 
relapse was observed two years later These 
cases indicate that castration either breaks a chain 
controlled by the pituitary gland or eliminates 
the interstitial cells of the testes as a pnmai y 
source of androgenic stimulus The reason that 
castration wmks so well in alleviating prostatic 
hypertrophy in the dog as compared with orchi- 
dectomy in men afflicted with this malady may 
be contained in a paper by Moore, 7 who stated 
that 80 per cent of male dogs over 8 to 10 years 
of age show enlargement of the prostate His 
opinion was that the etiologic factors may be the 
same in both man and the dog but that the essen- 
tial lesion m prostatic enlargement in the dog is 
diffuse hyperplasia while that in man is nodular 
hyperplasia In the experience of Zuckerman 
and McKeown, 4 diffuse hyperplasia was the 
rule in enlargement of the canine prostate In 
the human prostate affected by benign enlarge- 
ment one can demonstrate hyperplastic glandular 
nodules, atrophic cystic epithelial structures, 
mostly peripherally placed, often distended by 
inspissated material and involved m inflamma- 
tory changes, and proliferated fibromuscular 
stroma, sometimes arranged in the form of actual 
fibroleiomyoma and often marked by foci of 
chronic inflammatory cells Because of these 
exaggerated anatomic abnormalities inherent in 
nodular hyperplasia (if not for some unknowm 
hormonal factors) of the human prostate, it seems 
logical that after castration they would be less 
likely to regress than the rather symmetrically 
proliferated prostatic structures observed in the 
diffuse hyperplasia characterizing benign enlarge- 
ment of the canine prostate 


7 Moore, R A Surgery 16 152, 1944 
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The papers cited s described endocrine changes 
m association with tumors of the canine male sex 
glands The first discoveied instance of endo- 
crine changes in association with tumors of 
canine female sex glands was described by Wolfe, 
Cleveland and Campbell 0 W ith the genitalia as 
a guide to the stage in the estrual cycle at which 
the gland was examined, these authors quan- 
titatively studied the cellulai composition of the 
anterior lobe of the pituitary gland in 79 female 
dogs One animal which showed external bleed- 
ing ten days before autopsy disclosed follicular 
cysts of the ovaries and cystic glandular hyper- 
plasia of the endometrium The anterior lobe of 
the pituitary gland of this dog contained an m- 
ci eased number of acidophils De Vita, 8 9 10 basing 
his preliminary report on the tissues and histories 
of 24 cases, in 5 of which histologic sections were 
made, described the clinical features, the ovarian 
and uterine pathologic changes and illustrative 
cases of the condition known as hypei plastic en- 
dometritis or so-called pyometra of the bitch He 
also quoted Lesbouyries and Berthelon, but listed 
no specific reference to their w ork on 4 dogs with 
the disease which were treated with gonadotropic 
hoimone and oophorectomy DeVita stated that 
hvperplastic endometritis may be seen follow- 
ing completion of an estrual cycle at any age but 
is most often observed in dogs over 6 years old 
\ lrgins as well as parous females are afflicted 
with the disease, the most common cause of 
stei llity in the bitch The coui se may be chronic 
and intermittent or may end suddenly and unex- 
pectedly in death The clinical features include 
malaise , fever , prolongation or shortening of 
the estrual cycle with increase or decrease in the 
physical evidences of esti us , vulvar hypertrophy 
w ith swelling, hardening and secondary traumatic 
changes , gray-yellow to red-brown, usually 
putrid vaginal discharge , abdominal distention 
due to the enlargement of the uterus, simulating 
piegnancy, mammary tumors and sometimes 
inguinal hernia , attacks of lumbago , straddling 
gait of the hindlegs , dry, inelastic skin , sparse, 
dry, brittle hair, and varying degrees of alopecia 
with pigmentation especially on the dorsum, the 
sacrum, the flanks, the abdomen, the perineum 
and the pudendum In the ovaries the following 
abnormalities were observed cystic follicles, 
either solitary or multiple , tumors ranging from 
fibroma to epithelioma in 5 of the 24 cases , cor- 
pora lutea fairly fresh m early cases and variously 
legressed in chronic cases, and all stages of fol- 

8 Mulligan 1 Baldoni 2 Krause 2 Zuckerman and 
McKeown 4 Goodpasture 5 Hobday c Moore 7 

9 Wolfe, J M , Cleveland, R , and Campbell, M 
Ztschr f Zellforsch u mikr Anat 17 420, 1933 

10 DeVita, J J Am Vet M A 95 SO, 1939 


licle giowth and regiession In the early phases, 
the uterus was enlarged, hyperemic, softened, dis- 
tended and plicated, the cervix was small, and 
the ovanes contained fresh corpora lutea In 
the later phases varying fibrosis, endometrial and 
serosal cysts, diveiticula, sohtaiy or multiple 
tumois and thickened cystic endometrium were 
piesent Histologically, the endometrium dis- 
played extreme glandulai hyperplasia with edema 
and hyperemia, follow ed by i etrogressive changes 
including neciosis, cystic change, abscess for- 
mation and fibrosis Projections of hyperplastic 
endometnum extended into the myometrium, 
which w'as involved b\ hyperemia, edema and 
fibiosis, which also affected the cervix 

DeVita divided the cases of hypei plastic endo- 
metntis into two "varieties The first included 
those cases in w Inch a metestrual type of pyome- 
tia oi uterine abscess occui red and those in which 
this condition (because of the presence or rees- 
tablishment of cemcal diamage) went into retro- 
giession and some i egression, to become activated 
again by completion of another cycle lllustratne 
of the first point was a cocker spaniel bitch, 13 
years old, which ovei a pei lod of three years had 
several attacks of pyometra following completion 
of an estrual cycle or occurring at a time when an 
estrual cycle might hare been completed Bilat- 
eral oophorectomy and partial light uterine coi- 
nuectomy show r ed a cystic condition of both 
ovaries, w'hicli contained corpora lutea, and cvstic 
glandular hyperplasia of the endometnum At 
autopsy, three w-eeks latei the hj perplastic endo- 
metrial changes in the remnant of the i lght utei - 
me horn had greatly legressed Emphasizing the 
second point was the case of an old poodle with 
leactivated endometntis, many breeding failures, 
frigidity and shortening of the interestrual inter- 
val The uterus showed fibiosis, extensive c)stic 
change, edema, hyperemia and focal abscesses 
The vagina w r as fibrotic and lined by papillaiy 
stratified' squamous epithelium The second 
vai lety of cases included those in which the 
hypei plastic endometritis w r as associated with 
ovarian tumor These weie typified in the case 
of a cocker spaniel bitch, 6 yeais old, which w r as 
mated in estrus to one dog and fourteen days 
later to anothei but did not wdielp to eithei She 
again accepted a male fifty-nme days aftei the 
first breeding She w r as m a constant state of 
nymphomania from this time until one hundred 
and fourteen days latei when panhysterectomy 
revealed a chronic fibrotic hyperplastic condition 
of the uterus and ovarian tumors 

In discussing the etiologic factois of hypei - 
plastic endometritis m the dog, DeVita indicated 
that estrogen-pioducmg ovarian cysts and tumois 
appear to be a probable source of the inciting 
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lactor when associated with some corpus luteum 
activity This would also serve to explain the 
uterine changes m the dog i eported on by Wolfe 
Cleveland and Campbell 9 In view 7 of the ab- 
noimal cellular composition of the anterioi lobe 
of the pituitary gland of this animal, future 
studies on “hyperplastic endometritis” might 
piofitably be concerned with a histologic anal- 
vsis of all the endocrine glands and secondaiy 
sex glands as ivell as of the parenchymatous 
i isceia 

The only other neoplasm of an endoci me gland 
causing hormonal effects was i eported b} 7 Slye 
and W ells 11 as occuri ing in a female white pit 
bull terrier, 12 y 2 years old, which during life 
exhibited evidences of hypoglycemia, with low 
a alues for blood sugar, and the ability of know- 
mg lvhen to ingest carbohydrate for the relief 
of symptoms At autopsy this animal had an 
adenocarcinoma of the panel eas w 7 ith metastases 
in the penpancreatic lymph nodes, a benign ade- 
noma of tbe pancreas, a mixed tumoi of the right 
posterior mamma, 2 subcutaneous lipomas of 
the abdominal wall and a sebaceous adenonla of 
the forefoot Another case of pancreatic cancel m 
a male dog w 7 as described by Bru, 12 but the only 
symptom listed w 7 as dyspnea The pancreas was 
thickened and dense and was spunkled with fiim, 
white-yellow nodules consisting of islet tissue 
m the form of irregular palely stained sheets of 
cells with a rich vascular supply The structure 
of the metastases m the livei , the bronchial lymph 
nodes, the right auricle of the heart and the 
lungs was much like that of the primary tumoi 

XEOPLASMS OF THE MALE GENITAL TRACT 

Kunnemann 13 reviewed the published descrip- 
tions of four testicular tumors in dogs and added 
a report of 8 of his own Siedamgrotsky 14 re- 
ported the case of a 17 yeai old male dog with 
medullaiy sarcoma of the testis and metastases 
m the retroperitoneal lymph nodes Pauer 14 
lound a carcinoma in the i etroperitoneal testis 
ot a 9 year old dog Calve 14 observed a dog 
with a primary carcinoma of the testis and a 
metastasis in the liver In a dog over 10 yeais 
old Duschanek 14 obseived a large cell alveolai 
saicoma in i etroperitoneal testes bound to the 
lumbar vertebrae Kunnemann described 8 dogs 
with neoplasms as follows a pinscher, 9 years 
old, with a caicmoma of the left inguinal testis , a 

11 Slve, M, and Wells, H G Arch Path 19 ‘537, 
1935 

12 Bru, P Rev med -chir d mal du foie 2 40, 
1927 

13 Kunnemann, O Arch f vissensch u prakt 
Tierh (supp ) 36 229, 1910 

14 Cited bv Kunnemann 13 


setter, 11 years old, w 7 ith a sarcoma of the right 
scrotal testis , a Dalmatian, about 1 year old, w ith 
a sarcoma of the left scrotal testis, a spitz, 10 
years old, with a sarcoma of the right inguinal 
testis, a terrier with a fibrosarcoma of the right 
scrotal testis, a dachshund, 6 yeais old, with an 
interstitial cell tumor of the left scrotal testis , a 
pinscher, about 8 years old, with an interstitial 
cell tumor of the right testis, and an old poodle 
with an interstitial cell tumor of the right testis 
Goodpasture D reported 4 cases of cai emoma of 
the canine testis In each instance the tumoi 
had a multicentric origin from the regressed 
epithelium of the tubules In 1 case the tumoi 
metastasized to a pelvic lymph node 

Ball 16 recorded 2 cases of interstitial cell 
tumor of the testis , in both the seminiferous 
tubules w 7 ere pushed aside and showed compres- 
sion atrophy Kunze 10 observed 13 dogs, 9 to 
15 years old, with solitary or multiple, umlateial 
or bilateral testicular interstitial cell tumoi s, 
Avhich varied fiom the size of a pepper gram to 
that of a small hazelnut This author found that 
such new 7 growths occurred often in the atrophic 
testes of old dogs, ahvays remained within the 
confines of the tunica albuginea, caused no tes- 
ticular enlargement and were well defined yellow - 
white nodules in their early development but m 
latei stages showed hemorrhagic necrosis and 
encapsulation by connective tissue A rich net- 
work of capillaries and little connective tissue 
w r ere present within the tumors, the lipoid con- 
tent of the cells of which could be strikingly and 
characteristically demonstrated with the sudan 
IV stain In a senes of 15 old dogs, most of 
them over 10 years old, Bouffannais 17 observed 2 
grossly visible testicular tumors, a seminoma and 
an interstitial cell tumor Chambeis 18 saw a fox 
terrier, 8 years old, with a sarcoma of the 
testicle 

Pallaske 10 studied the organs of 107 male dogs 
at autopsy Of the 31 w 7 ith so-called interstitial 
cell tumors of the testes, 9 w 7 ere under 10 years ot 
age and the rest u 7 ere 10 to 16 years old In 28 
of the dogs with these testicular tumors he also 
found nodular hyperplasia of one or more ot 
the following organs liver, adrenal glands, 
spleen, pancreas and thyroid gland This study 
emphasized the difficulty in a given case of inter- 
stitial cell growth of the testis of an old dog of 

15 Ball M Bull Assoc franc P l’etude du cancer 
11 5, 1922 

16 Kunze, A Virchows Arch f path Anat 240 
144, 1923 

17 Bouffannais Bull Assoc franc P l’etude du 
cancer 18 808, 1929 

18 Chambers, F Vet Rec 11 709, 1931 

19 Pallaske, G Virchows Arch f path Anat 
281 856, 1931 
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determining whether the prohfeiated interstitial 
cells might constitute merely hyperplasia or true 
neoplasm and, once the neoplastic character of 
such a growth was established, whether adenoma 
01 caicmoma might be the coirect diagnosis 
Among 1,111 dogs examined at autopsy Skoda 20 
found 21 that had neoplasms of the testes, 14 of 
these dogs had abnoimally and 7 normally lo- 
cated testes On the other hand, Lehr 20 studied 
969 surgically removed canine tumors, among 
which were 34 (3 5 pei cent) testicular neo- 
plasms, none of which was stated to have been in 
a cryptorclnd animal 

Schlotthauer, McDonald and Bollman 21 
studied 82 spontaneous testicular tumors m dogs 
at operation and necropsy Tumois were piesent 
m 59 testes of the 48 dogs examined The avei- 
age age of the dogs with the 51 interstitial cell 
tumors was 12 yeais In 7 testes 18 interstitial 
cell tumors of multicentric origin were discov- 
eied In 8 cases the interstitial cell tumor was 
associated with seminoma in the same testis 
The average age of the 25 dogs with seminoma 
was over 10 years Eighteen of the seminomas 
were of multicentric origin, and 4 were encoun- 
tered in undescended testes Of the 3 dogs with 
bilateral seminoma, 2 had scrotal and 1 had in- 
guinal testes Eighteen seminomas were in situ , 
17 were not associated with other tumors and 5 
occurred alone with intei stitial cell tumors These 
authors observed 6 testiculai adenocarcinomas of 
varying degrees of malignancy 

Zuckerman and McKeown 4 examined histo- 
logically the testes and prostates of 243 dogs of 
i anous breeds They found 35 testicular tumors 
17 seminomas in dogs 8 to 15 years old, 15 adeno- 
caicmomas in dogs 4 to 15 years old and 3 inter- 
stitial tumors in dogs 9 to 15 years old Innes 22 
collected 49 canine testicular tumors, 36 of which 
were surgically removed The ages of the ani- 
mals, accurately tabulated by Innes, ranged from 
5 to 13 years in 46 of the 49 cases In addition 
to these 49 testicular neoplasms, including 32 
seminomas, 15 tubular adenomas or Sertoli cell 
tumors and 2 cancerous interstitial cell tumors, 
Innes also saw nodular hyperplasia of the inter- 
stitial cells of the testes in 12 dogs He pre- 
sented evidence that nodular hyperplasia of the 
interstitial cells is not truly neoplastic In his 
follow-up of surgical cases and from autopsies he 
concluded that the seminoma in the dog is of low 
grade malignancy as compared with the corres- 
ponding tumor m man Of 79 growths of the 

20 Cited by Krause 8 

21 Schlotthauer, C F , McDonald, J k , and Boll- 
man, J L J Urol 40 539, 1938 

22 Innes, J R M J Path & Bact 54 485, 1942 


testes of 393 dogs examined by Saloman, 23 29 
weie seminomas, 41 were interstitial cell growths 
7 were mixed tumors and 2 were seminiferous 
adenomas, some of them multiple 

Although neoplasms of the testis compnse by 
far and away the greatest number of new growths 
observed in the canine male genital tract, several 
others of passing interest may also be mentioned 
briefly Huebner 24 described the case of a male 
fox teirier, 2 years old, which had a bean-sized 
tumor of the dorsal surface of the penis and bi- 
lateially enlarged inguinal lymph nodes The 
dog was killed twenty-six days after the tumor 
had been extirpated, since it was blind Autopsy 
disclosed metastases of small lound cell alveolai 
saicoma in the inguinal lymph nodes, m the 
right submaxillary lymph nodes and in the an- 
tenoi chambers, irises and vitreous bodies ol 
both eyes These lesions were metastases from 
the primal y sarcoma of the penis Houdemer 
and Bablet 25 repotted the case of a male mongrel 
dog, 18 months old, from which were surgically 
i esected 2 nodules on the end of the penile sheath 
and •abundant vegetations encircling the base oi 
the penis and distending its sheath The en- 
larged inguinal lymph nodes on the left side be- 
came infected and spontaneously obliterated, and 
those on the right side were resected twenty-four 
days later The histologic diagnosis of the penile 
and lymph node lesions was lymphoblastoma Lit- 
tle 20 saw a calcified squamous cell carcinoma of 
the penis of an old mongrel Chambers 18 de- 
scnbed a sbeep dog, 10 years old, with a cai- 
cmoma of the prepuce 

Boucek 27 observed a dog with a fist-sized 
adenocarcinoma of the prostate and metastases m 
the pelvic and mesentenc lymph nodes Described 
by Monni 28 was a wolf hound, about 2 yeais 
old, with an adenocarcinoma of the prostate 
which had extended widely to the pelvis and the 
pelvic viscera and metastasized to the kidneys, 
the liver and the mediastinal lymph nodes Since 
the prostate also showed areas of adenoma 
cystadenoma, fibromuscular hyperplasia and 
focal chronic inflammation, the author discussed 
the possibility of the change of a prostate in- 
volved in benign hypei trophy into one with an 
adenocarcmomatous chaiacter Mon 29 reported 
the case of a great Dane, 8 years old, with a fist- 

23 Saloman, cited by Innes 22 

24 Huebner Berl tierarztl Wchnschr 38 135, 1922 

25 Houdemer and Bablet Bull Soc path e\ot 
20 344, 1927 

26 Little, GW J Am Vet M A 71 171, 1927 

27 Boucek, Z Arch f wissensch u prakt Tierh 
32 585, 1906 

28 Monni, E Boll d Soc Eustachiana 29 185 
1931 

29 Cited by Morini 28 
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sized adenocarcinoma of the prostate and metas- 
tases m the testes, lymph nodes, the spleen and 
the lungs Recorded by Boudet 29 was the case 
of a dog with a carcinoma of the prostate and a 
metastasis m the right cerebral hemisphere Rud- 
duck and Willis so described an Alsatian, 9 years 
old, with an adenocarcinoma of the prostate and 
metastases in lymph nodes, the lungs and a 
kidney 

NEOPLASMS OF THE FEMALE GENITAL TRACT 

Exclusive of mammary tumors, the neoplasms 
of canine female genitalia recoided in the litera- 
ture are relatively few With lespect to the 
gonads, the ovarian neoplasms leported are far 
behind testicular new growths Bruckmuller 31 
mentioned a carcinoma of a canine uterus with 
nodular extension into the uterine wall and an 
oviduct In female dogs Boucek 27 saw a pedun- 
culated fibromatous vaginal polyp, an ulcerated 
squamous cell carcinoma of the vagina and a 
v alnut-sized leiomyoma of a gravid uterus 
Johne 32 listed 1 uterine and 2 vaginal leio- 
myomas Leisermg 32 described a bitch with mul- 
tiple submucous fibroleiom^oma of the vagina 
In a 7 year old female brach hound Roquet 33 
observed a pedunculated vaginal fibroma which 
hindered micturition by leason of its attachment 
m front of the urethral meatus Belkin’s 34 case 
238 was that of a female Irish setter, 6 years old, 
v ith a submucous fibroleiomyoma on the poster- 
ior vaginal wall Little 26 observed multiple 
neurosarcoma in the vagina of an English setter 

Coquot and Nenkoff 35 culled 18 ovarian neo- 
plasms from 31 female dogs with abdominal tu- 
mors Eight were ovarian and extraovarian cysts, 
5 were cysts and adenomas, 3 were carcinomas, 
1 was a lymphadenoma and 1 was a fibroma The 
symptoms accompanying these ovarian tumors 
ueie increase in the size of the abdomen, pant- 
ing, interference with locomotion and weakness 
and infrequency or absence of the estrual periods 
The abdominal examination revealed a palpable, 
mobile solid mass which within limits could be 
grasped through the abdominal wall The ovarian 
tumor was usually rounded, nodulai , displaceable 
m the abdominal cavity by the thrust of the 
fingers, and was rendered immobile by distention 

30 Rudduck, H B , and Willis, R A Am J Can- 
cer 33 205, 1938 

31 Bruckmuller, cited by Casper, M Ergebn d 
allg Path u path Anat 3 (pt 2) 754, 1896 

32 Cited by Casper, M Ergebn d allg Path u 
path Anat 11 (pt 2) 1068, 1907 

33 Roquet, M M J de med vet et de zootech 
59 713, 1908 

34 Belkin, G Berl tierarztl Wchnschr 41 829, 
1925 

35 Coquot, A, and Nenkoff, G Rec de med let 
10G 129, 1930 


of the edematous ligament attaching it to the lum- 
bar gutter Depicted m this paper were a 9 } ear 
old shepherd bitch with a 5,300 Gm fibroma of 
the left ovary and an 8 year old hunting dog with 
cysts and adenomas of the right ovary weighing 
6,600 Gm Huggms and Moulder 36 mentioned 
a dog with carcinoma of the uterine cornua and 3 
dogs with vaginal leiomyoma 

NEOPLASMS or OTHER ENDOCRINE GLANDS 

Not available for perusal w'as a paper on 
hypophysial tumors by Luksch 37 (1923) Oth ei 
neoplasms occurring in the canine pituitaiy gland 
(aside from sohtaiy or multiple cysts, which are 
rather common in dogs according to Stockard 38 
and in my experience) were 2 adenomas of the 
anterior lobe, 1 recorded by Goodpasture 5 and 
the othei by Joest, previously quoted 39 White 40 
described a male fox terrier, about 4 years old, 
which showed mutability, lethargy, polyuria, poly- 
dypsia and obesity six months before death 
Autopsy disclosed small testes, a small prostate, 
a large thymus and a suprasellar craniopharyn- 
gioma which was about four times the size of a 
normal pituitary gland and invaded the mid- 
bram, the third ventricle, the crura cerebri and 
the optic thalami No trace of a pituitary gland 
was discovered White also mentioned 3 other 
tumors of the canine pituitary gland, including 
an adenocarcinoma (Joest), a chromophobe 
adenoma with the syndrome of adiposogenital 
dystrophy (Hare) and an adenoma (Belmonte) 

Blair 41 reported the case of a Boston bull 
terrier, about 12 years old, which suffered fiom 
obesity, asthma, chronic cough and dyspnea At 
autopsy a globular mass was adherent to the 
superior borders of the cardiac auricles, was at- 
tached quite firmly to the trachea and the esopha- 
gus and surrounded the pulmonary veins The 
heart was greatly hypertrophied, the ventricles 
were dilated, and the atrioventricular valves were 
marked by vegetation and imperfect closure Al- 
though the diagnosis of “round cell sarcoma m 
the heait” was made, the obvious conclusion is 
that this neoplasm was a lymphosarcoma of the 
thymus A thymoma reported by Joest has been 
mentioned before 39 Goodpasture 5 described a 
“reticular” tumor of the thymus 

36 Huggins, C , and Moulder, P V J Evper 
Med 80 441, 1944 

37 Luksch, cited by Winkler, K Ergebn d Biol 
5 692, 1929 

38 Stockard, C R , and others The Genetic and 
Endocrine Basis for Differences in Form and Belmior, 
American Anatomical Memoir 19, Philadelphia, Wistar 
Institute of Anatomy and Biology, 1941, p 454 

39 Mulligan, R M Arch Path 38 115, 1944 

40 White, E G J Path & Bact 47 323, 1938 

41 Blair, W R J Am Vet M A 49 520, 1916 
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To my knowledge no one has ever tecorded 
an instance of a solid neoplasm of the parathy- 
loid glands of a dog On the other hand, the 
thyioid gland is frequently the site of nodulai 
hyperplasia 42 as well as of true neoplasm 
Ewald 43 reviewed 7 5 cases of cancerous canine 
goitei from the literature and added 5 new cases 
of his own In 63 of the 80 cases the neoplasm 
was a caicmoma, m 6 a sarcoma and in 7 a 
mixed tumor (carcinoma and saicoma coexist- 
ing) In 4 it was not classified as to histologic 
type The cervical veins were invaded in 6 cases, 
and metastases involved the cei \ ical lymph nodes 
m 3 cases The other organs with metastases and 
their frequency wei e as follows lungs, 33 , spleen 
9 , kidneys, 6 , mediastinal lymph nodes, 5 , heai t, 
4, livei, 4, testes, 2, and skin, adrenal glands, 
bieast, and intestine, 1 each Reports of othei 
instances of cancer of the thyroid gland have 
been absti acted in previous papers 44 Another 
case was described by Cremona 45 , a male pointer, 
about 7 years old, was observed with a poly- 
morphous saicoma of the thyroid gland and 
metastases in the lungs, the left kidney and the 
bronchial, mediastinal and left lumbar lymph 
nodes Rudduck and Willis 30 saw a male sheep 
dog, 10 yeai s old, with a mixed adenocarcinoma- 
tous and ossifying neoplasm of the tliyi oid gland 
and ossifying metastases in the lungs 

Neoplasms of the pancreatic islets 10 have al- 
leady been mentioned Aside Horn the nodular 
hyperplasia of the adrenal cortex discussed be- 
fore, 42 no neoplasms of this structure have been 
found recorded The cancer of the medulla of 
the adrenal gland described by Goodpasture 5 
was the only true neoplasm of this organ discov- 
ered m the literature This tumoi invaded the 
adrenal veins and the inferioi vena cava and 
metastasized to the livei 

INFECTIOUS OR VENEREAL SARCOMA 

An introduction to this phase of canine oncol- 
logy could not more suitably be obtained than 
by summarizing the experience of Beebe and 
Ewmg 47 with infectious sarcoma of dogs and 
their analysis of the work of Sticker with respect 
to this disease Sticker secured specimens of 
infectious tumors of the penis and the vagina 
studied by Wehr, Geissler, Smith and Wash- 
bourn, Sanfelice and Bashfoid and submitted 

42 Mulligan, R M Cancer Research 4 505, 1944 

43 Ewald, O Ztschr f Krebsforsch 15 85, 1916 

44 Mulligan (footnotes 39 and 42) 

45 Cremona, P Nuovo Ercolam 26 365 and 388, 
1921 

46 Slye and Wells 11 Bru 12 

47 Beebe, S P , and Ewing, J A J M Research 
15 209, 1906 


them with his own specimens to a large number 
of Geiman pathologists, all of whom agreed on 
the diagnosis of lound cell sarcoma Supported 
by this diagnosis of recognized authorities on the 
structuie of tumors, Sticker compared the general 
features of the disease with cancer m man and 
showed on these giounds that the growth must 
be accepted as a true cancer The following 
statements constituted his proof 

1 Clinically, the other infectious \ cnereal diseases of 
dogs resembling lymphosaicoma always cause prolonged 
inflammation and multiple nodules (merch enlarged 
lymph follicles), ( while inoculation of the vagina with 
the true tumor produces little, if any, inflammation, 
which soon subsides and is followed by a solitary 
tumor, or at best two to three tumors, arising in the 
subepithelial tissue 

2 Histologically, the tumor is entirely different from 
any known infectious granuloma, is not accompanied 
by any inflammatory ieactioi> in the neighboring tissues 
and produces metastases, W'hich de\elop from cells car- 
ried by the blood stream, without participation of the 
tissue cells 

3 Experimentally, In mg cells must be transferred in 
order to secure a growth, while tumor emulsion that 
has been finely comminuted or strained through a 
porcelain or paper filter is innocuous 

4 The spontaneous transference of the tumor is 
paralleled in the cases of “cancer i deux” and of car- 
cinoma of the tipper lip transferred from the lower lip 
m man 

Beebe and Ew mg admitted that Stickei ’s argu- 
ment piescnted a body of evidence strongly in 
favor of the opinion that infectious lymphosar- 
coma of dogs is a true tumor Their ow n exper- 
ience supported the views of Sticker, although 
they w r ere unable then to distinguish satisfactorily 
between his folhculai vaginitis and lymphosai- 
coma Beebe and Ewmg were forced to conclude 
that infectious lymphosarcoma of dogs is a true 
cancel on the basis of the work of othei s and ot 
their ow r n expei iments with this disease The 
incidence of venereal sarcoma varied with differ- 
ent authoi s Auler and Wei nicke 48 found 8(14 
pei cent) tumors of this type among 585 canine 
tumoi s , Feldman 40 saw 7 (8 6 per cent) among 
81 tumoi s in dogs, Stubbs and Furth co ob- 
served 5 (0 017 per cent) among 30,000 dogs 
observed in the animal clinic m Philadelphia, 
Vos 51 collected 5 (0 5 pei cent) from among 
1,100 Javanese dogs, and Kaalund-Jprgensen and 

48 Aulei, H, and Wernicke Ztschr f Krebsforsch 
35 1, 1931 

49 Feldman, W H Neoplasms of Domesticated 
Animals, Philadelphia, W B Saunders Company, 1932, 
pp 343-356 

50 Stubbs, E L, and Fuith, J Am J Path 10 
275, 1934 

51 Vos, J J T Geneesk tijdschr v Nederl -Indie 
75 263, 1935 
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Thomsen 52 descnbed 8 (0 6 pei cent) among 
1,400 dogs Wong and K’ang 03 successfully 
treated 3 female dogs with infectious sarcoma of 
the vagina with radium One bitch also had m- 
rolvement of the inguinal lymph nodes, which 
subsided after radium therapy A male dog with 
an infectious sarcoma of the penis was given 
several courses of radium treatment, following 
which stricture of the penile uiethia developed 
■with resultant uremia and death This paper 
contained a good photomicrograph (X 1,000) 
of the tumor in their case 2 

Since infectious or veneieal sarcoma of the 
clog is obtained spontaneously through coitus and 
since cohabitation of the dog is conditioned by 
leceptivity of the bitch foi the male, it is logical 
to assume that female dogs were first afflicted 
■with this disease, although where it might have 
come from before the female dog acquired it is a 
matter of conjecture Because the time of estrus, 
oi the period of receptivity of the bitch for the 
male, is associated with the highest possible 
natural estrogenic stimulation of the canine fe- 
male genital tract, notably the vagina, in conse- 
quence of the hoimonal elaboration of the ripe 
ovarian follicles, the future investigation of 
venereal sarcoma. in the dog might well be di- 
rected along the lines of hormonal research 

MAMMARY NEOPLASMS 

Neoplasms of the mammary glands are piob- 
ably as common as any occurnng in dogs 
Gibbes 54 saw an alveolai cell sarcoma m the 
mammary gland of a bitch Kitt 55 described 
fibroma of the breast, seen frequently in dogs, as a 
sharply delimited nodular haid structure derived 
irom the interstitial connective tissue and sui- 
i oundmg the mammary ducts and acini ( fibroma 
pencanahculare) He also mentioned myxo- 
fibroma of the canine breast He stated that m 
the dog enchondioma is found chiefly m the 
breast, is often multiple and usually appears m 
association with mixed tumors In the breasts 
of bitches he also observed osteoma and chondro- 
osteoma In most instances they weie shaiply 
circumscribed, round and nodular, but they also 
occurred as knotty flat bony bai s 

Stockfleth-Bang 32 described a lipoma m the 
bieast of a fat bitch and said that in the breast 
lipoma may leach a tremendous size Lucet 32 

52 Kaalund-J^rgensen O , and Thomsen, A S 
Ztschr f Krebsforsch 45 385, 1937 

53 Wong A I H, and K’ang, H J Chinese 
M J 46 377, 1932 

54 Gibbes, cited bv Sutton, J B J Anat & 
Phjsiol 19 415, 1S84-1885 

55 Kitt, cited by Casper, M Ergebn d allg Path 
u path Anat 3(pt 1) 692 1S96 


lepoited a 1,700 Gm myxoma of the right thud 
breast of a 6 year old female sheep dog Stenzel 32 
described a 2,000 Gm mammary chondroma m 
a dog In this tumor he found many areas m 
which embiyonal cartilage tissue w r as in vanous 
stages of development He also reported 2 cases 
of cystic fibi ochondroma of the canine breast 
Gnsclnn 32 lemoved from the breast of a bitch a 
mobile hard osteochondroma the size of a hen’s 
egg Petit 32 observed 2 mammaiy tumois, a 
pure chondroma and an osteochondroma, m the 
same bieast of a dog 

Fieese 58 v r as the first to leview lathei ex- 
tensively the eaily literature on canine mammary 
neoplasms He mentioned some cases alieady 
cited by Casper 32 and many others He also 
lepoited 7 cases of his own In the early litera- 
tuie he found reports of several varieties of 
canine mammaiy tumors, including fibroma or 
fibroadenoma (McFadyean, Ball and Leblanc, 
Johne), myxoma (McFadyean), chondioma 
(Peuch, McFadyean , Frohner), fibiomyxo- 
chondroma (Johne), sarcoma (Peuch, Mollei , 
Johne, McFadyean) , sarcoma with widespiead 
metastases (Petiopawlowsky), chondrosarcoma 
(Johne and Fiohner), cystadenoma and adeno- 
carcinoma (Johne) and carcinoma (Semmer, 
Johne , Casper , Frohnei ) Putz 57 saw- a dog 
with multiple mammary carcinoma and metas- 
tases in the lungs and the left elbow joint 
Petit 57 described an old bitch with a mammary 
carcinoma and metastases m the liver, the spleen, 
the lungs and other organs Kitt 57 observed a 
female dachshund w ith a mammary cystocarcino- 
ma and metastases m the lungs Stenzel 57 found 
an adenocaicmoma of the type of embiyomc 
mammary anlages m the breast of a bitch 

Freese 50 studied both grossly and microscopi- 
cally 7 canine mammary neoplasms which may 
be listed as follows (1) a cystochondrofibrosar- 
coma of tbe last foui breasts of a spitz 11 years 
old , (2) a cystadenosar cofibroma of the left 
penultimate bi east of a mongrel spitz 16 years 
old, (3) an angiofibrosarcoma of the left hind- 
most breast and an osteochondrofibrosaicoma of 
the left penultimate breast of a dachshund 11 
years old, (4) a cystadenofibrosarcoma of the 
left penultimate breast of an English greyhound 
4 years old , (5) a myxofibrosarcoma of the right 
penultimate bieast and a cystofibi oadenoma of 
the right hindmost breast of a dachshund 13 
yeais old, (6) a papillaiy cystadenoma of the 
left penultimate breast of a cart dog 5 years old , 
(7) a papillaiy cystadenoma of the right caudal 
breast of a St Bernard 13 years old No 

56 Freese K Ztschr f Tiermed 9 206, 1905 

57 Cited tn Freese 5G 
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metastases were seen at autopsy in any of the 
dogs In the first 5 tumors pericanalicular 
tissue was most prominent , m the last 2 glandu- 
lar tissue was paramount Accoiding to 
Freese, 56 there occurs m the breasts of dogs a 
group of tumors with stroma composed of 
mesenchymal tissue that was bi oken off m 
embryonic life and subsequently began to grow 
This mesenchymal tissue is undifferentiated and 
is variously ready to produce cells of connective 
tissue origin Even more certainly, the epi- 
thelial structures of these tumors aie derived 
from ectodermal sources and he together with 
the mesenchymal elements in a lesting state 
until, later, they begin to grow These tumors 
are sharply delimited from the adjacent tissue 
and may be recognized as foreign bodies These 
encapsulated mammary tumors are without ex- 
ception mixed tumors, formed from various types 
of connective tissue elements and epithelial 
stiuctures They are usually benign and can 
be treated by operation This discussion by 
Freese of the variegated structure seen in his 
own cases of mammary neoplasm as well as in 
those recorded m the early literature emphasizes 
their extremely complex structure and helps to 
explain many cases recorded since 1905 

Ortschild 58 recorded 5 mammary cancers as. 
follows (1) a cystadenocarcinoma of the right 
hindmost breast with metastases in the regional 
lymph nodes of a nulhparous Skye terrier bitch 
16 years old, (2) an adenocarcinoma of the 
“second left thoracic breast” with metastases to 
axillary, thoracic and inguinal lymph nodes of 
an old Skye terrier bitch, (3) a cystadeno- 
carcinoma of the third right breast with metas- 
tases in the opposite breast and the second 
breasts of an old bitch, (4) an adenocaicmoma 
of the right hindmost breast of a Gordon setter 
bitch 8 years old, (5) a papillary caicmoma of 
the right hindmost breast with metastases in 
inguinal lymph nodes of a Gordon setter bitch 
10 years old Foreman 59 reported the case of 
an Irish terrier bitch 11 yeais old from whose 
hindmost breast a 1 pound (0 5 Kg ) osteo- 
chondroma was extirpated Seven months later 
autopsy disclosed metastatic osteochondroma in 
both the liver and the spleen Goodpasture 5 
saw 2 -carcinomas of the female canine breast 
among 13 cancers culled from 50 old dogs 

Corsy and Thomas 60 found in a series of 50 
canine mammary tumors, surgically lemoved, a 
liposarcoma occupying an entire breast They 

58 Ortschild, J F Bull Johns Hopkins Hosp 16 
186, 1905 

59 Foreman, R J Vet J 69 240, 1914 

60 Corsy and Thomas Bull Assoc franc; p l’etude 
<lu cancer 16 143, 1927 


also discussed 9 cases of human liposarcoma 
recorded m the hteratuie Among over 100 
tumors of the canine breast surgically removed 
at the Alfort Veterinary School, Petit and Pey- 
ron 01 found a mammary tumor m which co- 
existed a predominantly epithelial mixed tumor 
and a liposarcoma 

Little 20 tabulated 12 canine neoplasms, among 
which were 5 located m the mammae of bitches 
as follows (1) an adenocaicmoma of the left 
most caudal mamma of a Boston bull 9 to 10 
years old, (2) a low grade mammary adeno- 
carcinoma in a poodle, (3) an adenocarcinoma 
involving the first two right breasts and the left 
first breast, with metastases in the lungs and the 
spleen of a Boston terrier ^3j4 years old, (4) 
a mammary carcinoma in a fox terrier, and 
(5) a papillary adenochondrocarcmoma of the 
breast of a spaniel Chambers 18 observed 15 
histologically confirmed cases of canine cancer, 
among which was a recurrent mammary fibro- 
sarcoma m an 11 year old fox terrier bitch 
Rudduck and Willis 30 saw a female cocker 
spaniel with a cystic papillary mammary carci- 
noma 

Baldom 2 reviewed cases of tumor of the canine 
male breast reported by Vachetta, Petit and 
Cinotti Vachetta’s case was one of spindle 
cell sarcoma Petit described a male dog with 
a sarcocarcinoma of the breast and sarcomatous, 
carcinomatous and sarcocarcinomatous metas- 
tases in the lymph nodes and the lungs Cinotti 
recorded the case of a male pug, 13 yeais old, 
with a mixed tumor (cystadenochondroma) ot 
the right first abdominal breast In addition to 
these Frohnei reported 1 and Murray 2 neo- 
plasms of the canine male breast, which have 
been refened to in a previous review^ 89 

The most common locations for mammary 
tumors in the dog are the posterior breasts Of 
114 mammary tumors studied and definitely 
located by Antoine, Liegeois and Verstraete, 62 5 
weie situated m the first breasts, 18 in the 
second, 13 in the third, 36 m the fourth and 
42 in the fifth In 31 female dogs Huggins and 
Moulder 30 found 120 mammary growths of 
appreciable size, varying from solitary cysts to 
large solid tumors These tumors w r ere dis- 
tributed m the breast as follows first, 9, second, 
18 , third, 21 , fourth, 36, and fifth, 36 The 
histologic types observed were sarcomatous, 
carcinomatous and papillary cystic Metastases, 
consisting of intrac) Stic papillary epithelial 

61 Petit and Peyron Bull Assoc frang p 1’etude 
du cancer 16 510, 1927 

62 Antoine, G , Liegeois, F, and Verstraete Bull 
Acad roy de med de Belgique 14 301, 1934 
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tumois, were found in the lungs of 3 dogs and 
m the lungs and liver of a fourth 

In the experience of DeVita, 10 the growth of 
most mammary tumors in female dogs apparently 
parallels the growth of the endometrium during 
metestrus, their growth beginning possibly 
during estrus They seem to be activated into 
growth at this tirhe and then go into a quiescent 
phase during which they may become sclerotic 
At the next estrus, growth seems to be reestab- 
lished, and they either increase in size or undergo 
regressive change, which m some instances re- 
sults in complete destruction of the tumor 
through sloughing The n regular growth may 
extend over several cycles In 10 of 11 in- 
stances of mammary adenomatosis in which he 
also examined the uterus, DeVita observed 
atypical endometrial hyperplasia, this supports 
the assumption that estrogenic stimulation might 
he responsible foi both the mammary and the 
uterine changes 

In considering mammary carcinoma in dogs 
tiom the point of view of etiology Little 26 said 

There is some evidence that a disturbance in 
the functional activity of the mammary glands, such 
as improper drainage of the milk flow resulting in 
mastitis, bears a causative relation to the late develop- 
ment of mammary carcinomas This is frequently 
noticed in middle-aged or old virgin dogs, where a 
milk flow appears approximately 2 months after the 
oestrual period — a phenomenon occurring in non-preg- 
nant bitches which has never been explained Some- 
times this lactation persists for 6 weeks to 2 months 

In their experiments with commercial beta- 
naphthylamine, with which they produced tumor 
of the bladder in female dogs, Hueper, Wiley 
and Wolfe 63 observed swollen and lactatmg 
mammai y glands in many dogs on various occa- 
sions during the latter third of the experimental 
period of over two years The posterior mam- 
mae were most often affected Whether the 
carcinogen was directly or indirectly responsible 
tor this change was not elucidated 

On the basis of these data and of those pie- 
sented in two other papers 44 it may be said 
that mammary neoplasms are among the most 
common tumors in dogs, occur most frequently 
in dogs 6 years of age oi older, are obviously 
heavily preponderant m female dogs although 

63 Hueper, W C , Wiley, F H , and Wolfe, H D 
J Indust Hvg &. Toxicol 20 46, 1938 


they do occur in male dogs, may often be mul- 
tiple, vary greatly in size and are most commonly 
located m the posterior breasts The mixed 
tumor character of many of these growths is 
revealed m the varying combinations of can- 
cerous and noncancerous changes in the cystic, 
solid and papillary cystic epithelial proliferations 
and in the growth of connective tissue, cartilage, 
bone, myxomatous tissue and even of adipose 
tissue The types of tumors described include 
fibroma, fibroadenoma, osteoma, chondroma, 
osteochondroma, lipoma, myxoma, adenoma, 
cystadenoma, carcinoma, adenocarcinoma, cyst- 
adenocarcmoma, sarcoma, fibrosarcoma, chon- 
drosarcoma, osteosarcoma, hposarcoma and 
myxosarcoma as well as varying combinaitons of 
these both cancerous and noncancerous neoplasms 
Metastases of canine mammary cancer may be 
carcinomatous, sarcomatous or both From the 
point of view of etiology two ideas have been 
advanced concerning the canine mammary neo- 
plasms The first is that they may be the result 
of congenital cell rests taking on abnormal 
growth characteristics The second is that estro- 
genic stimulation of the mammary gland over 
several cycles may be responsible for their pro- 
duction In the light of newer concepts of car- 
cinogenesis it may appear that these two factois 
are but piedisposing for one or more other fac- 
tors responsible for actual neoplasia and e\en 
anaplasia 

SUMMARY 

A review of the literature on canine oncology 
levealed several leads which might be followed 
m future investigation of neoplasms of the 
endocrine glands and of the genital tracts of both 
sexes These included a syndrome of feminiza- 
tion in male dogs associated with testicular car- 
cinoma, the relation between benign prostatic 
hypertrophy and castration, the coexistence of 
changes in the female genital tract with cysts 
and solid tumors of the ovary, the presence of 
hypennsulmism with neoplasms of the pancreatic 
islets, the problem of the interpretation of pro- 
liferation of interstitial cells of the testes, the 
paucity of neoplasms reported for the pituitary, 
parathyroid, thymus and adrenal glands, the pos- 
sible etiologic connection of hormones with 
venereal sarcoma, and the embryologic and 
hormonologic aspects of mammary tumors 
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The nature of the abnoimahty in tiansposition motion, (3) the matked fluctuations in the tem- 


of the large arteries has intrigued pathologists 
for man_v years The vaiious theories that have 
been propounded have been reviewed elsewhere 1 
We have been engaged m studying this problem 
since 1935 In 1937 we piesented a possible 
explanation of the anomah ln Since then we have 
enlarged oui expeiience and hare somewhat 
alteied our original theory We wish to present 
heie oui present conception of this anomal) based 
on oui present knowledge of the phvlogenetic and 
ontogenetic development of the heart 

THE ONTOGENETIC AND PHYLOGENETIC 
DEVELOPMENT OF THE HEART 

Transposition of the laige aiteries cannot be 
understood without a knowledge of the evolution 
ot the mammalian heait This in turn is depen- 
dent on a knowdedge of the evolution of the 
cn dilation of the veitebiates and the evolutionary 
piogiess of life as it emeiged from sea watei 
to fiesh w'atei and fiom fresh u'ater to land 
Aheady in the higher mvertebiates (Annelida) 
a closed circulation is present As the mveite- 
brates changed their habitat fiom sea w'ater to 
fresh w r ater, the new environment led to the 
development of the vertebiates Some of the vei- 
tebrates then migrated to land, while most otheis 
went back to the sea The fuithei evolutionary 
pi ogress of the veitebrates was concerned with 
those that took up terrestrial life 

The outstanding characteristics of the teues- 
tnal habitat are (1) the piesence of a relatively 
tiemendous amount of oxygen m the atmospheie, 
(2) the low viscosity of the air, permitting rapid 

From the Department of Pathology, Michael Reese 
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peiatuie and (4) the relative absence of water 
The evolutional y piogiess of animal life on land 
is con elated with the mci casing abilitv of veitc- 
biates to utilize this emnonment and oveicome 
its obstacles Alieadt in fiesh w'ater osmotic 
independence had been achieved To suruie on 
land fuithei adaptations w'Cie necessary, such as 
changes in the metabolism of nitiogen and adjust- 
ments foi conservation of water and utilization 
of ox) gen and finally foi eontiol of heat The 
development of the cn dilation, although cone- 
lated with all these adaptations, was mosth 
i elated to the increasing abibtv of the organism 
to utilize ox\ gen 

The change from a water to a land emnon- 
ment necessitated a change from the gill tvpe of 
lespnatoi) appaiatus With the gicat mciease 
m available oxvgen lungs were developed with 
a giaduall) mci easing amount of lespiratoiv 
epithelium The mci cased absorption of ox\gen 
and the mci eased hbeiation of caibon dioxide 
necessitated fundamental changes in the ti ansport 
of these substances and in the giving of the one 
to, and the lemoval of the othei fiom, the bodv 
cells In other woids coi related with the tie- 
mendous mciease in the oxvgen content of the 
emnonment and the resultant gradual evolu- 
tional)' changes m the ability to take in this 
substance, theie ensued a giadual concomitant 
adaptation in the efficiency of the circulation 
This adaptation w r as made by (1) an mciease m 
the efficiency of the pump, (2) an increase m the 
oxygen capacit) of the cn culatmg medium and 
(3) an increase m capacity for oxygen exchange 
between the blood and the tissues 

The mci eased efficiency of the pumping svs- 
tem w'as obtained by (1) a gradual increase in 
piessuie (Redfield-), (2) an increase in late 
(Redfield 2 ) and (3) a giadual separation of 
aitenal and venous blood Oui task, theiefoie, 
is to anal) ze the morphologic changes m the heai t 

2 Redfield, A C Quart Rev Biol 8 31, 1933 
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pioducmg this mci eased efficiency of the pump- 
ing system Because of our pioblem of trans- 
position a moie detailed study must be made of 
the adaptational changes m the bulbus in the 
evolutionary series 

Beginning with the elasmobiancli, the heait is 
more 01 less an undivided tubular heart consist- 
ing of a sinus venosus, a single auricle, a single 
i enti lcle and a bulbus leading into a common 
arterial trunk 3 Blood fi om the arterial trunk is 
fed to the various gill aiches for oxygenation 
and is then sent through the systemic circulation 
to the body cells Unoxygenated blood is then 
leturned to the heart by the venous cuculation 
(fig 1) In this type of uncomplicated circula- 
tion the bulbus, which is the lowest type of bulbus 
seen in the vertebrates, may be considered to 
have the following functions (1) to prevent 
reflux of the blood into the ventricle, (2) to aid 
m propulsion of the blood and (3) to safeguaid 
the fragile capillaries of the gills from excessive 
pressures (ICeith 4 ) In this species it is a com- 
paratively long straight muscular tube in which 
the cavity is divided by four longitudinal ridges 
(anterior, posterior, right and left) extending 
throughout its length (fig 2) These ridges aie 
jammed together during caidiac contraction, thus 
preventing regurgitation into the ventricle (Rob- 
ertson 5 ) In the ganoid fish a similar undivided 
tubular heart and straight bulbus is present 
However, instead of ridges in the bulbus, there 
are eight long lows of pocket valves, four of 
them (anterior, posterior, right and left) being 
more prominent than the others 

Thus m these early vertebrate forms both the 
internal respiratory (systemic) and the external 
lespiratoiy (gill) circulation are controlled by 
one pump This conforms to the relatively low 
amount of oxygen and carbon dioxide exchange 
m these forms The bulbus here partakes m the 
propulsion of blood in addition to carrying on its 
valvular and gill-protecting functions 

A radical change m the circulation occuired m 
the dipnoan fish This fish achieved air bieath- 
mg m part and developed lungs The increase 
in respiratoiy epithelium and the concomitant 
increase in oxygen and carbon dioxide exchange 
were accompanied by an increase m the size of 
the internal respiratory (pulmonaiy) circulation 
This m turn was accompanied by a division of 
the pump system The first stage of this is seen 
in the formation of the multiaxial aunculoven- 

3 Alreadj in the lowest craniates the heart tube is 
not straight but is kinked on itself in one plane This 
hmk differs in complexity from the multiaxial loop of 
the dipnoan and higher vertebrates 

4 Keith, A Lancet 2 1267, 1924 

5 Robertson, J I J Path & Bact 18 191, 1913 


ti tculobulbar loop and the bayonet-shaped bulbus 
By this method a lelatively larger pumping 
power was obtained to cope with the necessity 
of increased pulmonary flow This formation was 
correlated with the beginning formation of sep- 
tum's in the auricles and the ventricles, the for- 
mation of a bayonet-shaped bulbus containing a 
spiral valve and a twisting of the circulation of 
180 degrees This twist made possible an intei - 
change of blood between the as yet only slightly 
divided circulations The possible hydiodynannc 
explanations foi these changes have been offered 
by Spitzer 0 and will be discussed latei 

The changes m the bulbus of the dipnoan 
fish ment further attention These have been 
described by Robertson 5 (fig 2) The bulbus of 
the dipnoan fish, in conti ast to the straight mus- 
cular tubular bulbus of the ganoid fish, is kinked 
m bayonet form, with a thinning out of the 
musculature of the ventral and lateral walls of 
the middle segment and the disappearance of the 
valves on these walls Also in other segments of 
the bulbus the valvular structures have become 
smaller except at the distal end of the distal 
pait of the bulbus, where they are still large 
and apparently functioning In addition, a spual 
septum with a twist of 270 degiees has been 
formed, going from right cushion 1 distally to 
left cushion A proximally This extends from 
the middle of the distal to the proximal end of 
the pioximal part of the bulbus In the lepi- 
dosiren this ridge extends thioughout the whole 
course of the bulbus, from the distal to the proxi- 
mal end In addition there is now a left ridge 
3 in the distal bulbus In both the ceiatodus and 
the lepidosiren the proximal segment of the bul- 
bus has a thick muscular coat, while the muscu- 
lature of the distal and middle segments is 
relatively thinned 

These facts show that alieady m the dipnoan 
fish the muscular power of the bulbus was re- 
duced, the muscle power being vested mostly in 
the ventricle, and the valve function m the bulbus 
had begun to be concentrated in the bulbus- 
truncus junction In addition the bulbus was 
subjected to the process of septation just as weie 
the other chambers of the heart Thus the heart 
of the dipnoan fish was adapted to a greater 
intake of oxygen by an increase m pumping 
power and a beginning separation of the circu- 
lations In the Amphibia the circulation was not 
much altered from that in the Dipnoi The 
auricles are more completely separated, but theie 
is still a common ventricle and the bulbus pos- 
sesses the characteristics of the dipnoan bulbus 

• I 

,6 Spitzer, A Virchows Arch f path Anat 243 
81, 1923 
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Fig 1 — Diagrammatic sketches of the circulation in the phvlogenctic tree Pisces The heart is a single 
tubular structure, consisting of a sinus venosus, an auricle, a ventricle and a bulbus (StV, At, V and B in the 
diagram) Unaerated blood is pumped from the heart through the truncus ( T ) to the gills ( G ) The now 
aerated blood goes to the systemic cells (S) From there the venous blood is returned ( sv ) to the heart 

Amphibia The auricular septum is now developed as w'ell as the spiral valve (or partial septum) of the bulbus 
The aortic portion of the bulbus is now decreased in size These changes coincide with the appeal ance of the pul- 
monary vein and arter> ( PV and PA) Aerated blood in the left auricle {LA) and unaeratcd blood in the right 
auricle ( RA ) enter the common ventricle (V), where considerable mixing occurs Mixed blood is then propelled 
from the ventricle into the bulbus (B), and from the bulbus it is propelled spirallv through the truncus (T) into 
the systemic and pulmonarv circuits (A and PA) from which it is returned (sv and pv) to the heart P indi- 
cates the lungs 

Reptilia A complete auricular and a partial ventricular septum has now formed (DV ndicates the defect 
of the interventricular septum) The bulbus has almost completely disappeared A right ventricular (left) and a 
left ventricular (right) aorta (RA and LA) are present Unaerated blood is thus pumped from the right ventricle 
into the right ventricular (left) aorta and the pulmonary artery Blood from the left ventricle is pumped into 
the left ventricular (right) aorta 

Mammalia The auricular and ventricular septums are completely formed The bulbus is completely absorbed 
There is now complete separation of the systemic and the pulmonary circulation in the heart 

Fig 2 — Diagrams of the bulbi of the hearts of (a) Elasmobranchn, (b) Ceratodus and (c) Lepidosiren 
paradoxa (from Robertson 5 ) Note the formation of the spiral fold from right-sided ridge 1 in the distal 
portion, and the ventral ridge 4 A in the proximal portion 1, right bulbar ridge 2 distal and 2B, proximal, 
part of the dorsal bulbar ridge 3, left bulbar ridge 4, distal, and- 4A, proximal, part of ventral bulbar ridge 
BCd, distal segment of the bulbus BCp, proximal segment of the bulbus BCe, transverse segment of the bul- 
bus D, distal constriction of the bulbus P, proximal constriction of bulbus SpV, spiral valve 

Fig 3 — Second phase of the development of the heart — the absorption of the bulbus (from Pernkopf and 
Wirtinger 7 ) LA, left auricle RA, right auricle P, proampule M, meta-ampule B, bulbus T, truncus 
t Pu, pulmonary artery A, aorta 

Fig 4 — Second phase of the development of the heart — changes in the auricular canal (from Pernkopf and 
AVirtmger 7 ) O , U, ML, MR, endocardial cushions A, B, pioximal bulbar cushions 1, 2, 3, 4, distal bulbar 
cushions Pu, pulmonary artery A, aorta. M, meta-ampule P, proampule 
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In the leptile fuithei modification of the cu di- 
lation occurred, pioducmg a more complete sepa- 
ration of the pulmonary and systemic circulations 
and an increase m the efficiency of each The 
auricular septum is now completed and only a 
defect remains m the ventricular septum (except 
m the crocodile, m which it is complete) The 
bulbus now underwent still more marked changes 
from that present in the Amphibia, changes 
directed toward its almost complete absorption 
into the ventricles, with the transmission of its 
functions to the ventricles and the truncus Thus 
m Lacerta during embryologic development the 
bulbus becomes shortened and straightened with 
the disappearance of the distal and middle seg- 
ments The proximal portion is absorbed into 
the ventricles, all except a comparatively narrow 
rim of muscle at the base of the great arterial 
trunks (Robertson 5 ) The bases of the great 
vessels are now guarded by semilunar valves 
Thus, in addition to a diminution in the mus- 
cular power of the bulbus which had already 
occurred in the Dipnoi, the actual absorption of 
the bulbus and its elimination as a cardiac cham- 
ber must have been begun in the primeval 
reptiles and has proceeded far in present day 
reptiles The functions of this chamber were 
taken over by other parts of the heart tube Its 
valve function, to prevent regurgitation of blood 
into the ventricles, was taken over by the semi- 
lunar valves Most of its musculature disappeared 
as contractile power was concentrated in the ven- 
tricles And, according to Keith, 4 the poition of 
the bulbus which remained as the infundibulum 
of the right ventricle retained its function of shock 
absorber to the pulmonary circulation 

Pernkopf and Wirtmger 7 have analyzed the 
process of the absorption of the bulbus as it 
occurs in the reptiles It may be subdivided into 
two components First to appeal is torsion at 
the ostium bulbotruncare m a counter-clockwise 
direction (if one is looking bulbusward from the 
ventricles) Then this becomes augmented m 
higher reptiles by back torsion (clockwise if one 
is looking bulbusward from the ventncle) at the 
a entnculobulbar ostium By these processes the 
twist of the bulbar ridges is almost completely 
eliminated and the bulbus is absorbed into the 
ventricles The first process (torsion at the 
ostium bulbotruncare) occurs maximally m lower 
leptiles — Lacerta and land turtles, m which it is 
greater than m mammals but m which ventral 
deviation and back torsion of the pioxunal bulbus 
are minimal In the sea tuitles a moderate 
amount of each is piesent In the crocodiles 

7 Pernkopf, E., and Wirtmger, W Ztschr f Anat 

u Entv cklngsgesch 100 563, 1933 


theie is less toision at the distal bulbar ostium 
with more back torsion at the proximal bulbar 
ostium Thus apparently there is an inverse 
relation between torsion at the distal bulbai 
ostium and back torsion and ventral deviation 
at the proximal ostium Both of these processes 
i esult in the elimination of the twist of the bulbai 
ridges, telescoping of the bulbus and its absorp- 
tion into 'the venti ides In addition back torsion 
and venti al deviation of the bulbus facilitate the 
completion of the ventriculai septum Thus the 
leptihan embi )0 goes through an additional 
process in the development of the heart In 
addition to the formation of the auriculo- 
ventriculobulbai loop and the bulbar bayonet, 
with greater peifection of septation, it has now 
gone a step further m the absorption of the 
bulbus 

The completion of the task of separating the 
circulations with the development of greatei effi- 
ciency m each occurred in the mammal Heie 
the embryo in its development, in addition to 
recapitulating the embryonic stages of its phylo- 
genetic ancestors (Needham 8 ), went a step 
further in the absorption of the bulbus, and com- 
pleted the pi ocess of septation and the separation 
between the systemic and pulmonary circulations 
Pernkopf and Wirtmger 7 have_presented a veiy 
complete picture of this process 

The mammalian heart in its early development 
is an undivided tubular structure reminiscent of 
, the elasmobranch and the ganoid fish, consisting 
of a sinus venosus, an auricle, a ventricle and a 
bulbus The movements of the heait fiom its 
straight tubular form to its definitive condition 
proceeds in two phases In the first phase ( I to 
7 mm embiyo) the aunculoventriculobulbar loop 
and bulbar bayonet aie formed During these 
formations a torsion of 90 degree (clockwise, 
looking venti lcleward from the auricle) occurs 
at the aunculoventricular region, and an opposite 
torsion of 90 degrees (counterclockwise, looking 
bulbusward from the ventricle) occurs at the 
bulboventricular region These bring the meso- 
cardial (doisal) poition of the ventriculobulbar 
orifice to the left, and the mesocardial (dorsal) 
portion of the auricular canal to the light At 
4 to 5 mm of fetal length the anlage of septums 
begins to be laid down m all portions of the heart 
tube (septum prunum) as are the counter ridges 
of the auricle, the endocardial cushions, the mam 
and the countei ndges of the ventricle, the 
proximal bulbar cushions, A and B, and the distal 
bulbar cushions, 1, 2, 3 and 4 These ridges are 
laid down on heterogonial (pertaining to the 
opposite anlage) parts of the heart tube sub- 

8 Needham, J Biol Rev 5 142, 1930 
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sequent to the beginning and simultaneous with 
the latei couise of the development of the hist 
phase ot the movements of the heait When 
hist seen the auiiculai lidges have a negatne 
toision of 90 degrees, the venti lculai lidges 
piactically no toision and the bulbar lidges a 
positive torsion of 270 degiees It is thus evident 
that the foimation of the multiaxial aunculo- 
ventriculobulbai loop and bulbai bayonet lesults 
in the laying down of a “lieleiogonial” septal 
anlage with resultant twisting of the as yet in- 
completely divided circulations by 180 degiees 
By this method the futme exchange of blood 
between the two cuculations is effected This 
piocess, which we have now outlined moie full), 
has alieady occurred, as mentioned, m the embiy- 
ologic development of the Dipnoi and is piesent 
in all higher animals It is coi related with the 
necessities ansing fiom the change to an bieath- 
mg and the appeal ance of lungs m the phylo- 
genetic senes 

The mammalian embiyo proceeds now to its 
second phase of development (figs 3' and 4) 
This phase concerns itself mainly with the 
absoiption of the bulbus (fig 3), a process that 
occuis only in ammotes (leptiles, birds and 
mammals) but, as mentioned is incomplete m 
leptiles 9 In mammals the absoiption of the 
bulbus is effected by the two piocesses which we 
have outlined as they are seen in leptiles but in 
different degiees Thus a toision of 150 degrees 
(countei clockwise, looking truncusward fiom the 
bulbus) occurs at the ostium bulboti uncai e, andt 
back toision of 45 degiees (clockwise, looking 
bulbusward fiom the ventricle) (fiist 90 degrees 
then reduced to 45 degrees) at the ostium 
ventriculobulbare The lattei is accompanied by 
a deviation directed venti ally and to the left of 
the bulbus These movements aie fuither coi- 
i elated with a shift of the auriculai canal to the 
right (fig 4) with expansion of the tucuspid 
onfice and of the doisal wall of the meta-ampule 
(distal poition of the pnmitive ventricle), 
shnnkage of that part of the proampule (piox- 
linal portion of the pnmitive ventricle) which 
boiders on the cranial wall of the auiiculai canal, 
and shnnkage of the mesocardial wall of the 
proximal bulbus In this way the bulbus is 
absorbed into the ventricles, its mesocardial 
(aortic) portion disappearing and its venti al 
portion assuming the lole of conus of the light 
ventricle The functions of the bulbus are now 
taken ovei by other parts of the heart Its 

9 Pernkopf and Wirtinger failed to mention that a 
reduction in the musculature of the bulbus already 
occurs in amphibians and lung fish Hence the second 
phase is really a further elimination of the bulbus rather 
than a separate process However, we retain their ter- 
nunolog\ for convenience 


conti actile function is taken over by the ven- 
ti ides Its valvulai function of pi eventing back- 
flow of blood is taken over by the semilunar 
valves, and its function of acting as a shock 
absoibei foi the pulmonary circulation is possibly 
taken ovei by the conus of the light -ventricle 
(Keith 4 ) The two circulations have now been 
completely sepaiated by a completed venti icular 
as well as an auricular septum 

dims the mammalian embiyo has gone a step 
furthei than its reptilian ancestois It has now 
leached what at present is the highest foim in 
the evolutional)' development of the heart — a 
complete sepaiation of the circulations for in- 
ternal and external lespiration, correlated with 
the giadually inci eased ability to take in ox)gen 
(This is present also m the birds ) 11ns ability 
is cori elated with a gradual increase m blood 
picssuie and late in the veitebrate series cul- 
minating in the mammal (Rcdfield 2 ), making 
possible the better tiansport of ox)gen 

To understand more fully the transition from 
the lcptilian to the mammalian stage of circula- 
tory development (which is necessary for ade- 
quate interpi elation of congenitally malfoimed 
hearts), a comparison of the bulbus and the 
truncus of the tw o species must be made In the 
truncus, in both "the ciocodile and the mammal 
the septum aoiticopulmonale develops Because 
of the presence of a fifth branchial arch in the 
icptile, this septum de\elops from the spurs 
between arches 4 and 5 in the reptile, while in 
the mammal it ougmates from the spurs between 
arches 4 and 6 In both species the fusion of 
these spins and then caudal extension divide 
the ti uncus into a doisal pulmonary portion and 
a ventral s)stemic poition However, there is a 
chffeience m the l dative size of the pulmonan 
poition as seen by the attachment of the septum 
aoiticopulmonale to the distal bulbar cushions, 
1 and 3 In the reptile the attachment is more 
tow r aid the mesocaidial end of these cushions 
w Inle in the mammal it is more toward the centei 
of these cushions In the leptile in addition to 
the septum aorticopulmonale a septum aorticum 
is formed This oi lgmates from the spur between 
left arches 3 and 4, extends downward through- 
out the ti uncus, with its countei extension sinking 
into the light portion of the septum aortico- 
pulmonale This thus divides the anterior portion 
of the truncus into a small left portion consisting 
of the fourth left arch, and a larger right portion 
leading into both carotid arteries and the right 
fouitli arch The left poition connects with the 
light ventricular aorta, wdnle the right portion 
connects with the left ventricular aorta The 
horns of the septum aorticum reach on the left 
side the commissure between cushions 3 and 4 
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at ostium bulbotiuncaie and on the light side the 
anterior pait of cushion 1 Thus in the leptile 
the ti uncus is divided into thiee vessels, two 
systemic and one 1 datively small pulmonic, while 
m the mammal it is divided into only two vessels, 
a systemic and a 1 datively laiger (as compared 
with that of the leptile) pulmonic vessel 

The bulbus of the reptile and that of the 
mammal likewise show points of diffeience 
(fig 5) In both theie aie foui cushions, 1, 2, 3 
and 4, at the distal ostium of the bulbus and two 
cushions, A and B, at the pioxunal ostium In 
both m an eaily stage of development there is 
also cushion C, situated to the light between 
A and B However, this cushion disappears 
before the septums form m the bulbus The 
difference between the two species lies m the 
ridge connections between the proximal and 


septum is dei eloped fiom ndges 1A and 3B 
Thus are dei doped a light and a left aoita and a 
pulmonaiy aiteiy in the leptile, and a single 
aoita and a pulmonary artery in the mammal 

POSSIBLE HIDRODYNAMIC EXPLANATION FOR 
THE ONTOGENETIC AND PHYLOGENETIC 
DEVELOPMENT Or THE HEART 

We have thus traced the phylogenetic and onto- 
genetic development of the vertebi ate heai t The 
undei standing of the possible foices involved m 
this development we owe for the most pait to 
Spitzei G Although Robei tson 5 some yeais 
previously had pointed out the correlation 
between the changes m the bulbus and the devel- 
opment of the lungs, it w ? as Spitzer who first 
suggested the possible hydi odynanuc pi maples 
invoked in the changes m the circulation m the 



Fig 5 — Comparison between the bulbus of the reptile and that of the mammal Note that the number and 
the location of the bulbar cushions are the same The difference lies m the number of ridges extending through 
the bulbus, connecting the distal and proximal cushions There are three ridges in the reptile — ridges 1A, 4B 
and 3C In the mammal there are only two ridges— 1 A and 3B Therefore two septums are formed in the rep- 
tilian bulbus, but only one septum is formed in the mammalian bulbus 

Fig 6 — Possible mechanical explanation for the absorption of the bulbus P, first phase A second phase 
1, 2, ?, 4, distal bulbar cushions A, B, proximal bulbar cushions 1A and 3B, bulbar ridges * 


distal bulbar cushions and the extent of then 
twist In both, ridge 1A (homologous to the 
sspiral valve of the Amphibia) is developed with 
avtwist of 270 degrees However, there are two 
ftuthei ridges in the reptile, 4B and a ridge going 
from cushion 3 to a point where cushion C 
originally was (we may call it 3C) In the 
mammal only a single opposite ridge 3B is 
developed Neither of the ridges 4B and 3C 
has the twist of ridge 3B m the mammal In the 
reptile are thus developed two septums in the 
bulbus — septum aorticopuhnonale from 1A and 
3C and septum aoiticum from ridges 1A and 
4B each continuous with the similar septums in 
the truncus In the mammal, however, a single 


phylogenetic senes correlated with the develop- * 
ment of the lungs Utilizing the morphologic 
analysis made by Pernkopf and Wirtwger we 
have slightly extended Spitzer ’s conception We 
present it m the following hypothesis, which is 
offered for the purpose of serving as an aid m 
the study of congenital anomalies 

The function of any circulation is the trans- 
portation and supply of materials for the metab- 
olism of the component cells of the body and the 
removal of the waste pioducts of metabolism 
The differentiation of red blood cells during 
embryologic development and the simultaneous 
development of sinusoids and eventually of 
vasculai tubing first to house and eventually to 
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tianspoit the red blood cells thus may be coi- 
1 elated with the growth in numbei of the le- 
mamdei of cells in the embiyo and their furthei 
specialization necessitating and calling forth (by 
biologic forces as yet unknown) a circulation 
Also, with gi eater specialization of body cells, the 
cuculatoiy mechanism likewise becomes moie 
specialized (by biologic forces as yet unknown) , 
so that portions of the tubulai stiuctuie take 
over the power of piopulsion and hence the 
development in phytogeny and ontogeny of a 
straight tubular heart When the circulation has 
leached a tubular stage, certain hydrodynamic 
pi maples may be assumed to act in its further 
development The rapid mciease m the number 
of systemic cells and the further specialization 
call forth a greater number of red blood cells 
and capillaries from the mesenchyme to house 
them This increases the blood volume which 
m turn produces increased longitudinal growth 
of the heart tube and a telescoping m its rela- 
tively smaller containing cavity The factor of 
the blood volume is possibly augmented by the 
factors of the pulse wave and the collision 
between the blood and the wall of the tube 
(Spitzer 0 ) This telescoping produces the con- 
structions at the sinoauncular, auriculoventnc- 
ular and ventnculobulbar onfices (Spitzer) 
With further growth the tube begins to become 
kinked on itself This is the stage reached by the 
elasmobranch and is rapidly telescopically le- 
capitulated by higher vertebiates 

The bending and the torsion with the foima- 
tion of the auriculoventriculobulbar loop and the 
bulbar bayonet are seen in the amniotic embryo 
and constitute the definitive foim of the Dipnoi 
and the Amphibia This formation ife cori elated 
with the development of the pulmonary circu- 
lation The lungs represent a greater oxygen 
exchange mechanism than do the gills because 
of their relatively greatei lespuatory surface 
This m turn is correlated with an increased 
capillary bed The increase in number of “re- 
# spiratory” capillaries is correlated with a maiked 
increase in blood volume, and both are con elated 
in the phylogenetic development with the gi eater 
amount of oxygen in air as compared with sea 
and fresh water The increase m blood volume 
produces a further mciease m the size of the 
heart tube in comparison with its containing 
cavity, and thus it goes through the movements 
of the first phase with the accompanying torsions 
in multiple planes and the formation of a 
bayonet-like kinked bulbus With the mciease 
in blood flowing through the truncus into the 
pulmonary artery there are relative widening 
and shortening of the truncus The centripetal 
force affects also the dividing spui between the 
fourth and sixth arches so that it is pulled 


toward the heart tube At the same tune the 
spur is stimulated to growth because of the irri- 
tation produced by the bilateral pressure of the 
increased volume Thus we nave beginning sep- 
tation in the truncus A similar process occuis 
at the venous end stimulating the growth of the 
spur between the two venous ostiums, leading 
to septation in the auncular regions The same 
factois pioduce lateral distention and relative 
shortening of the dilated portions of the heart 
tube The conti acted portions between these 
dilated legions aie thus pulled in the opposite 
direction with production of longitudinal folds 
These aie the distal and proximal bulbus 
swellings, the endocardial cushions and the sino- 
auriculai folds Thus terrestrial life is accom- 
panied by the development of lungs, which is 
correlated with the development of the multiaxial 
auriculoventriculobulbar loop, the formation ot 
the bulbar bayonet and the beginning of septation 
throughout the heart tube These are the move- 
ments of the first phase resulting m partial sep- 
tation of the circulations, with a twist of ISO 
degrees being imparted to the circulating blood 
The development stops heie in the Dipnoi and 
the Amphibia but goes on m the embryos of 
higher animals 

With still further development of the pul- 
monary circulation in amniotes, t septation pio- 
cceds onward throughout the heart tube The 
further increase m the blood going into the pul- 
monary artery produces a shortening of the 
bulbus and eventually m all ammotes its absoip- 
tion, partial or complete, in the ventricles (fig 6) 
The centripetal force created by the increased 
pulmonaiy flow, acting on the truncus, acts on 
the curved bulbai ridges as well, eliminating 
most of their twist and handing this to the 
truncus The result is torsion at the ostium 
bulbotruncare The same increased force acting 
from the arterial side acts on the venous side 
With increased flow' through the pulmonarj 
veins, the hydrodynamic force acting m the op- 
posite direction to that coming from the arterial 
side produces a back torsion and ventral devia- 
tion of the bulbus (fig 3) The pulmonary flow 
m the leptile is less than that in the mammal 
and this accounts for the morphologic differences 
in the bulbus and the truncus and m the absoip- 
tion of the bulbus in the two species The pul- 
monary portion of the truncus in the reptile is 
relatively smaller than that m the mammal This 
is due to the more posterior attachment of the 
horns of the septum aoiticopulmonale m the rep- 
tile as compared with the mammal, related to 
the smallei pulmonary flow This permits the 
giowth of the septum aorticum from the left 
caroticoaortic spur and brings about the adapta- 
tion of two aortas in present day reptiles 
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In mammals the mci eased pulmonary flow, 
witnessed by the more anterior attachment of the 
septum aorticopulmonale to cushions 1 and 3 , 
inhibits the foimation of the septum aortieum 
The bulbus of the mammal likewise shows the 
greatei impoitance of the pulmonary circulation 
by the growth of two opposite ridges instead of 
three and the production of a single septum 
aorticopulmonale bulbi The absorption of the 
bulbus of the mammal is more complete than 
that ot the reptile, with the bulbar septum 
coming m line with the ventricular septum, 
completing the piocess of septation The meso- 
cardial portion of the bulbus, now being com- 
pletely separated from the pulmonary portion, 
disappears or is telescoped into the left ventricle 
with complete absorption of the bulbus The 
two circulations are now completely sepaiated, 
and the efficiency of the pump has leached its 
highest point in the evolutionary development 
As mentioned eaihei, in addition to the m- 
ciease in efficiency of the pump, there was a 
second adaptation for the utilization of the high 
oxygen medium in the vertebrate series This 
was the increase m the oxygen capacity of the 
blood This was also a gradual evolutionary 
development, as seen m the accompanying table 
(Baldwin 10 ) 

Cc ol 0\ygen -per 

100 Oc ol Blood 


Jlammals 25 0 

Birds 18 5 

Reptiles 9 0 

Amphibians 12 0 

Fish 9 0 


The increased amount of oxygen in the an, 
just as it must have served as the stimulus foi 
changes in the lungs and in the pumping mecha- 
nism, must have served to increase the capacity 
of the blood for cairymg oxygen Hemoglobin 
is legularly present throughout the vertebrates 
and is the most efficient of oxygen-carrying pig- 
ments Throughout the vertebrate series there 
is an increased morphologic differentiation of 
erythrocytes, coupled with an increased concen- 
tration of hemoglobin within them, accompanied 
by an increased number of them, all of which 
leads to greater oxygen carrying capacity (Red- 
field -) Because of the gradual increase of car- 
bon dioxide produced by the cells in the verte- 
brate series, there ensued an increase of carbon 
dioxide-combining capacity and buffering 
capacit} of the blood, which is seen in the evolu- 
tionary series accompanying the increase m 
hemoglobin This property of cairymg carbon 
dioxide, howevei, is not solely dependent on 

10 Baldwin, E An Introduction to Comparative 
Biochemistrj , New York, The Macmillan Company, 
1937 


hemoglobin , it is correlated with serum albumin, 
globulin and certain moiganic substances, which 
aie dependent on processes in the kidneys and 
other organs (Redfield 2 ) 

An accompaniment of the inciease m oxygen 
capacity of the blood was an adaptation foi 
more rapid and complete exchange of oxygen be- 
tween blood and tissue — increased oxygen ten- 
sion This tension is low in fish and leptiles but 
high m birds and mammals (Redfield 2 ) 

Thus, in summaiy, the phylogenetic and onto- 
genetic development of the heart is part of the 
whole development of the cu dilation in the phylo- 
genetic tree This is mostly related to the change 
in habitat of the vertebrates, fi om fresh watei to 
land The interaction between the lespiratory and * 
cnculatory system of these animals and the high 
oxygen content of the envnonment led to the 
progressive evolutionary development of the 
mammalian circulation 

A THEORY OF TRANSPOSITION 

Transposition of the aitenal trunks has been 
defined by Abbott 11 as that condition in which 
“the gieat trunks have undergone an alteiation 
in their relative position to each other 01 to the 
ventricles fiom which they emerge, wheieby the 
aoita comes to lie m the path of the unaerated 
blood from the right ventricle ” Thus within this 
category of anomalies lie those conditions in 
which the aorta emerges from both ventricles or 
from the right ventricle alone, and the pul- 
monary artery springs fiom the light 01 the left 
ventricle Also included are those conditions of 
mutually abnormally situated aiterial vessels 
arising fiom a common or a slightly subdivided 
ventricle, likewise, truncus communis, truncus 
sohtanus aorticus and truncus solitanus pul- 
monalis, in which the aortic vessel or component 
emerges from the right venti lcle, or the aorta 01 
its remnant is abnormally situated with respect 
to the pulmonary aitery or its lemnant 

Transposition of the artenal ti links may be 
classified as follows 

Type I (Spitzer) Riding aorta (Rokitansky) 

(a) with an aneurysm of the membranous septum 

( b ) with a defect of the ventricular septum 

Type II (Spitzer) Partial transposition (Rokitansky) 
— The aorta and the pulmonary artery arise from 
the right ventricle 

Tijpe III (Spitzer) Complete transposition (Roki- 
tansky) — The aorta comes from the right ventricle 
and the pulmonary artery from the left ventricle 

Miscellaneous group Truncus communis, truncus soli- 
tarius aorticus with transposition, truncus sohtanus 
pulmonalis with transposition, Type IV (Spitzer) 
and transposition with atresia of the tricuspid valve 

11 Abbott, M E, in Osier, W Modern Medicine. 
Philadelphia, Lea &. Febiger, 1927 
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All types of tiansposition of the aitenal ti unks 
may be consideied to be due to a “phylogenetic” 
abnoimality complicated by fuithei “ontogenetic” 
abnormalities as postulated by Spilzer 0 The 
phylogenetic abnoimality is m oui opinion an 
abnormality m the foimation of ndge 3B As 
pointed out, the normal mammalian bulbus pie- 
sents two ridges, 1 A and 3 B, instead of the 
leptihan thiee lidges, 1 A, 4 B and 3 C (fig 5) 
Ridge 1 A has alieady been developed in the lung 
fish (fig 2) Ridge 3 B, however, is a new 
formation not piesent below the mammal When 
m the embiyo of our reptilian ancestoi the first 
lesponses to a greatei increase in oxygen intake 
began, thus starting the mammalian series, theie 
* apparently was elaborated a fusion of ridges 3 C 
and 4B by the already descubed hydrodjnamic 
principles It was possible, with the aforemen- 
tioned forces, foi the bulbus to be completel} ab- 
sorbed, with production of the mammalian heart 
The processes invoked in this absorption of the 


most of the twist of the bulbai ridges and pro- 
duced disappearance of the median bulbai seg- 
ment, maiked shoitenmg of the bulbus, absorp- 
tion of its vential portion as the conus of the 
light ventricle and disappeaiance of the doisal 
portion 

In the embiyo whose parent form will pie- 
sent the anomaly transposition, although the 
stimulus is appai ently there (as seen from the 
noimal foimation of lungs), it does not pioduce 
this new i ldge 3 B but produces one oi the 
other oi neither of its components, 4 B and 3 C 
In other words it is doing what most of the 
reptilian embiyos did dining the time our 
pioneering leptihan ancestor made a progiessne 
change Yet the hydrod)namic forces for the ab- 
soiption of the bulbus are there The absorption 
of such a bulbus w ith a w ell foi med ridge 1 A hut 
an abnormal lidge 4B and 3 C, oi a poorh de- 
veloped lidge 3 B, or with only ridge 1 A, pio- 
ceeds abnormal!} (fig 7) In the first place, the 
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Fig 7 — Normal and abnormal absorption of the bulbus In transposition there is an abnoimalit\ m the for- 
mation of ridge 3B, whereby it is poo-ly formed or replaced by ridge 4B or 3C This results in decreased torsion 
at the distal ostium In addition, this torsion occurs either around cushion 1 as a center or close to cushion 1 
At the proximal ostium back torsion occurs around cushion A as a center or close to cushion A This back 

torsion may be 45 degrees, or it may be 90 degrees as is normally observed in an earlier stage, 1, 2, 3, 4, distal 

bulbar cushions A, B, C, proximal bulbar cushions BT, ostium bulbotruncare VB, ostium lentriculobulbare 

I, VI, distal and proximal bulbar ostiums, respectively, at the end of the first phase (normal and m transposition) 

II, VII, distal and proximal bulbar ostiums during the second phase m normal absorption of the bulbus II, VIII, 
bulbar ostiums in transposition with congenital aneurysm of the membranous septum during the absorption of the 
bulbus III, IX, bulbar ostiums m partial transposition during the absorption of the bulbus when torsions occur 
close to cushions 1 and A as centers IV, X, bulbar ostiums in partial transposition during the absorption of the 
bulbus when torsions occur about cushions 1 and A as centers V, XI, bulbar ostiums in complete transposition 
in which no torsion occurs at the distal ostium while mild back torsion occurs at the proximal ostium 

Fig 8 — Topography of the muscle bundles of the right ventricle In Type A two distinct muscle bundles are 

noted In Type B an arch of musculature is present at the base of the pulmonic \alve SMB, septal muscle 

bundle PMB, parietal muscle bundle ATV, anterior leaflet of tricuspid valve A, anterior wall of the right 
\entricle S, septal wall of the right ventricle 


bulbus weie a torsion of ISO degrees (countei- 
clockwise — looking truncusward fiom the bul- 
bus) at the ostium bulbotruncare and a back 
torsion of 45 degiees (clockwise — looking bul- 
buswaid from the ventricle) at the ostium ventn- 
culobulbare (fig 3) The latter w r as combined 
with a deviation directed ventrally and to the 
left of the bulbus These processes eliminated 


toi sion at the distal and pi oximal ostiums cannot 
occur around the centei of the tube as an axis , 
the center of lotation will be about a point be- 
tween the centei of the tube and cushions 1 and 
A, oi on the periphery at cushion 1 and cushion 
A In addition there will be less torsion at the 
distal ostium For since w r e belieie the torsion 
to be produced by the action of the centripetal 
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foice on the spual lidges, the presence of only 
one 1 ldge with or without an opposite ridge with 
a lessei twist will lessen the toision The torsion 
of the proximal ostium may lemain the same but 
will be eccentnc with its center closer to A 01 at 
A Thus the conuses of the aorta and the pul- 
monaiy arteiy will take up abnormal positions 
after the absorption of the bulbus Hence the 
ontogentic complication of the phylogenetically 
abnoimally formed bulbar ridges is the abnormal 
absoiption of the bulbus 

TYPES or TRANSPOSITION 

We may now brief!) discuss the vanous types 
of transposition and their undei lying abnoi- 
mahties 


associated with a mild degree of transposition 
This was based on a study of the muscle bundles 
of the right ventricle m addition to the abnormal 
position of the aorta In our opinion the undei - 
lying vanant heie is a poorly formed ridge 3 B 
lesultmg in a slight abnormality m the absorption 
of the bulbus That is, noi mal toi sion o<xui s at 
the distal ostium but slightly diminished back 
toision occuis at the proximal ostium ( II and 
VIII m fig 7) This results in poor fusion of the 
pi oximal cushion of the bulbus, the endocai dial 
cushions and the ventiiculai septum, leading to 
an aneurysm m the l esultant pai s membi anacea 
Type I B — Riding Aoita zinth a Deject of the 
Vcntuculai Septum (fig 9b) Here the aoita 
as m the previous type, sti addles the musculai 



Tig 9 — (a) Type 1A This is a riding aorta with an aneurvsm of the membranous septum, left ventricular 
view (6) Type IB This is a riding aorta with a defect of the ventricular septum, right ventricular view 
(c) Partial transposition with the tetralogy of Fallot, right ventricular view ( d ) Partial transposition with the 
tetralogv of Eisenmenger, right ventricular view at the base of aorta (e) Partial transposition with the 
tetralogy of Eisenmenger, right ventricular view at the base of the pulmonary artery (P, the pulmonary 
artery) (f) Complete transposition ( g ) Iruncus arteriosus communis persistens, right ventricular view 
(/i) Transposition with atresia of the tricuspid valve as it appears to one looking into the heart antenorh 
(i) Transposition with atresia of the tricuspid valve as it appears to one looking into the heart poste.iorly 


Type I A — Riding Aoita with Anemysm oj 
the Membi anons Septum ( fig 9 a) — In this type 
the aorta straddles the muscular ventricular sep- 
tum over an aneuiysm m the obliquely situated 
pais membranacea The aorta is thus shifted 
slightl) antenoily, but the coronary arteries and 
ostiums show no evidence of transposition Mote 
than 70 cases have been lepoited in the literature 
(Lev and Saphn l2 ), m about 15 per cent of 
which the abnoimal position of the aorta was 
noted In oui pievious leport on this anomal) 
" e show ed that congenital aneurysm of the 
membi anous septum is often (if not always) 

12 lev, M, and Saphir, O Arch Path 25 819, 


ventricular septum, but instead of an aneuiysm 
of the pais membranacea there is a defect of the 
ventnculai septum The aortic semilunai cusps 
are displaced m a slight counterclockwise dnec- 
tion (looking fiom the aorta towaid the ven- 
tricle) The coronal y aitenes show an abnoi- 
mal course typical of mild transposition (see 
Spitzei 6 ) Stenosis of the pulmonai) ostium 
w ith a bicuspid pulmonic valve may be pi esent 
In oui opinion the undei lying abnormality 
here is a poorly formed ridge 3 B, this ridge 
being less in extent than m congenital aneurysm 
of the membi anous septum This lesults m 
abnormal absorption of the bulbus as follows 
less than the noimal 150 degrees or torsion m 
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the distal ostium and eccentric distal bulbai toi- 
sion and proximal bulbar back-torsion, as indi- 
cated in the prveious type ( III and IX in fig 7) 
Ridge 3 B does not meet the ventricular septum, 
thus preventing the completion of the lattei , w ith 
the result that there is a defect in the anterior 
portion of the ventricular septum 

Type II — Paitml Ti ansposition (fig 9 c, d and 
e ) — In this type the aorta emerges from the 
light ventricle with the pulmonary arteiy No 
vessel emerges from the left ventucle which pre- 
sents the defect m the ventriculai septum as its 
only outlet The aortic sennlunai cusps are still 
more rotated m a counterclockwise duection 
The coronary aiteries show a greatei degree of 
tiansposition than in the previous tjpe The 
pulmonary onfice and trunk (tetralogy of 
Fallot) (fig 9 c) or the aortic orifice and tiunlc 
(tetralogy of Eisenmenger) (fig 9 d and c ) 
(Saphir and Lev 13 ) may be hypoplastic As in 
the previous type there is always a defect of the 
ventriculai septum 

In our interpretation the abnoimahty here is 
absence of ridge 3 B and its replacement by 
ndge 4B (m the tetralogy of Eisenmengei ) or 
3 C (in the tetralogy of Fallot) The absorption 
of such a bulbus proceeds abnormally as follow s 
less torsion at the distal bulbar ostium and noi- 
mal oi 90 degiee torsion at the proximal bul- 
bar ostium These torsions may occur w ith 
cushions 1 and A as centers (IV and X m fig 7) 
or with a point between the center of the bulbar 
tube and cushions 1 and A as centeis (//Land 
IX m fig 7) The abnormal ridge produces 
m addition a narrowing of either the pulmonaiy 
or the aortic tract 

Type III — Complete Ti ansposition (fig 9 f) 
— In this anomaly the aorta emerges from the 
light ventricle and the pulmonaiy artery fiom 
the left In most cases the ventnculai septum 
is closed In a lesser number there is a defect in 
the anterioi poition of the ventricular septum 
The arterial tiunks ascend from the heait al- 
most parallel to each other The ostiums of the 
coronary aiteries are usually more tiansposed, 
being situated in the posterior sinuses of Val- 
salva The coronary arteries are still moie ab- 
normal The thickness of the light ventricle 
exceeds that of the left The remamdei of the 
heart is usually normal 

In our mteipretation the abnoimahty heie is 
complete absence of ridge 3 B with no replace- 
ment Ridge 1 A has been destroyed by the 
abnormal currents created m such a bulbus The 
bulbus has then been absorbed without torsions 

13 Saphir, O , and Lev, M Am Heart T 21 31, 
1941 


(V and XI in fig 7) At the end stages of ab- 
sorption of such a bulbus currents are established 
which lead to the production of a proximal bul- 
bar septum, thus completing the ventricular 
series 

Type IV — Miscellaneous Gioup — In this 
gioup are included Spitzer’s group IV, ti uncus 
communis (fig 9g), truncus solitanus aorticus, 
ti uncus solitanus pulmonahs with transposition 
and transposition with atresia of the tricuspid 
valve (fig 9h and i) Spitzei’s group IV con- 
sists of those cases in which a hjpoplastic aorta 
emerges from a small humphke pouch, separated 
from a large ventricular space into which open 
both auriculoventricular ostiums, oi a common 
auriculoventncular ostium, and from which 
emerges the pulmonary artery 

In truncus communis there is not onh an ab- 
normality in the absorption of the bulbus as in- 
dicated in types I and II but an abnormality m 
the septum aorticopulmonale trunci (Le\ and 
Saphir 14 ) Truncus solitanus aorticus and 
truncus solitanus pulmonahs are exaggerated 
forms of type II transposition (Eisenmenger or 
Fallot types) In transposition with atresia of the 
tricuspid valve one is dealing with an absence of 
ridge 3 B, but ridge 1 A is not obliterated The 
absorption of a bulbus with such a ridge pro- 
ceeds as follows At the distal bulbai ostium 
less torsion occurs, while at the proximal ostium 
there is 45 to 90 degrees of back torsion Be- 
cause of the absence of l idge 3 B, torsion occurs 
about ridge 1 A as a center (IV and X) In 
addition there is an abnormality in the aunculo- 
ventnculai ostiums Normally, besides the bul- 
bar movements occurring in the second phase, 
theie is a shift of the auncular canal to the right 
(fig 4) Thus, udiereas both auriculoventric- 
ular ostiums are originally to the left side of the 
bulbus at the end of the first phase, the ti leuspid 
orifice passes to the right of the mesocardial por- 
tion of the bulbus aftei the normal movements 
of the second phase With this goes an expan- 
sion of the tricuspid orifice and of the dorsal 
wall of the meta-ampule, (distal poition of the 
primitive ventricle) If, therefore, there is an 
abnormality m the absorption of the bulbus, 
especially in the type in which rotation occuis 
about ridge 1 A as a center, then m some cases 
the tricuspid orifice and the right auricle do not 
reach their normal definitive position to the right 
of the bulbus This results in atiesia of the 
tricuspid valve 

The abnormality in Spitzei ’s type IV is similar 
to that just described without the changes m the 
auricular canal 


14 lev, M, and Saphir, 0 J Pediat 20 74 1942 
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CRITERIA FOR THE PATHOLOGIC DIAGNOSIS OF 
TRANSPOSITION 

The criteria for the presence of tiansposition 
aie (1) an abnormal position of the arterial 
trunks, (2) an abnormal position of the ostiums 
of the coronary arteries (counterclockwise dis- 
placements if one is looking from the aoita into 
the ventricle), (3) an abnormal topography of 
the muscle bundles of the light ventricle and (4) 
an abnormal distribution of the coronary arteries 

The distribution of the coronary arteries has 
been thoroughly studied by Spitzer 0 The ramus 
descendens anterior is taken over by the arteiy 
arising from the right sinus of Valsalva, or two 
branches, one from the right and one from the 
left, may be present The posterior descending 
branch is usually taken o\ er by the artery aris- 
ing from the left sinus of Valsalva In some 
cases the two sinuses may have completely 
changed branches 

The topography of the muscle bundles of the 
light ventricle in the normal heart and that m 
the heart with transposition have been studied 
by many, and their work is reviewed elsewhere 1 
In our studies we noted two t/pes of topography 
prevalent in normal hearts (fig 8) In most 
cases two distinct muscle bundles are noted 
From the septal cusp of the pulmonic valve a 
muscle bundle obliquely descends over the sep- 
tum toward the apex This we have called the 
septal muscle bundle or band Near the apex 
it gives off the moderator band On the an- 
terior wall of the right ventricle the parietal 
muscle bundle or band ascends towaid the base 
of the heart in close proximity to the anterior 
leaflet of the tricuspid valve The superior por- 
tion of the muscle terminates at the septal pul- 
monic cusp Its main intermediary portion fuses 
with the musculature of the septum beneath the 
septal band A distinct raphe is noted where 


the parietal band dips behind the septal band 
The infeiior portion terminates at the base of the 
anterior leaflet of the tricuspid valve In a 
smaller number of cases there is a mass of mus- 
culature forming an arch over the base of the 
ventricle at the base of the septal cusp of the 
pulmonic valve, with fibers radiating over the 
anterior wall of the right ventricle, adjacent to 
the tricuspid valve and down over the right wall 
of the septum This formation apparently repre- 
sents a fusion of the septal and parietal bands 
From the evidence of Keith 4 and Pernkopf and 
Wirtmger, 7 the formation of the parietal band 
is related to the formation of the proximal bulbar 
septum, wpid mth the gvovAh. of rvdge 

3 B m mammals It is thus derived from cush- 
ion B, the bulboauricular spur and the counter 
ridge B]0 of the ventricular septum The septal 
band, from the evidence of Spitzei, 6 Fuchs, 15 
Benmghoff, 15 Tandler 10 and Keith, 4 is derived 
from cushion A (or is an extension of bulbar 
ridge 1 A) 

In transposition of the artenal trunks the 
septal band is usually hypertrophied and may 
even form a pseudoseptum (Spitzer) The 
parietal muscle bundle is usually diminished m 
size or may be completely absent 

CONCLUSION 

Transposition of the arterial trunks may be 
considered to be pioduced by an abnormality m 
the absorption of the bulbus, m the second phase 
of the development of the heart This we be- 
lieve is due to an abnormality in the phylo- 
genetically recently developed bulbar ridge 3 B 

15 Citied by Pernkopf and Wirtmger 7 

16 Tandler, J, in Keibel, F, and Mall, F P 
Manual of Human Embryology, Philadelphia, J B 
Lippmcott Company, 1912, vol 2 
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PARAPHYSIAL CYST OF THE THIRD VENTRICLE 

Lio D Moss, MD, Olean, N Y 


The paraphysis is a phylogeneticallv ancient 
oigan which in foimei yeais mleiested mainly 
zoologists and embiyologists It was hist de- 
scribed by Selenka , 1 in 1890, who found it in 
embryos of vai 1011 s veitebiates The gland is 
best developed in Amphibia In adults of this 
class it occuis as a well developed oigan Its 
location is the antenoi poition of the loof of the 
thud ventricle The paraphysis of Nectuius, 
a member of the class Amphibia, was studied in 
great detail by Wairen , 2 who descnbed it as a 
lobulated organ composed of anastomosing 
tubules The function of this oigan is appaientlv 
not known Howevei, it may be mentioned that 
some authoi s 3 have accepted a cei tain 
homology between the paiaphysis of vei- 
tebrates and the acoustic oigan of ascidians 
better known undei the populai name “sea 
squirts” The ascidians (tumcates) lepiesent an 
interesting group of nonvei tebi ates which dur- 
ing the laival state of then existence display 
ceitam featuies peculiar to veitebrates, such as a 
chorda dorsalis and a tubulai nenous sjstem 
In veitebiates above Amphibia the paiaphysis 
becomes gradually less conspicuous Rudiments 
ot this organ m the human embiyo vveie fiist 
described by Francotte , 4 m 1894 As eailv as 
1909 it was suggested by Sjovall r ’ that lemnants 
ot the paraphysis may give use to cysts In 
lecent 3 eats such cysts of piesumably paia- 
physial origin have been descnbed in inci easing 
number, and up to date almost 70 cases have 
been leported m the literature With but few 
exceptions , 6 most of the cases lepoiled m this 
country appealed m publications pertaining to 
neurolog )'’, 7 although the geneial pathologist is 

From the Department of Pathology, Olean General 
Hospital 

1 Selenka, E Biol Centralbl 10 323, 1890-1891 

2 Warren, J J Comp Neurol 28 75, 1917 

3 Krabbe, H K Bram 59 483, 1936 Selenka 1 

4 Fiancotte, P Bull Acad loy d sc de Belgique 
27 84, 1894 

5 Sjovall, E Beitr z path Anat u z allg Path 
47 248, 1909 

6 (a) Rehbock, D J Arch Path 21 524, 1936 

( b ) Weinberger, L M , and Boshes, B Surgery 13 
368, 1943 (c) Hassin, G B , and Anderson, J B 

U S Vet M Bull 6 56, 1930 

7 (a) Dandy, W E Benign Tumors of the Third 

Ventricle of the Bram, Springfield, 111 , Charles C 
1 homas, Publisher, 1933 (b) Zimmerman, H M , and 

German, W J Arch Neurol & Psychiat 30 309, 
1933 (c) Rinder, C O , and Cannon, P R ibid 30 

880, 1933 ( d ) Stookey, B Bull Neurol Inst New 
York 3 446, 1934 (<?) Davidoff, L M , and Dyke, C 


apt to encountei such cysts m routine autops) 
matenal An additional case is icpoited here 

REPORT or A CASE 

The patient was a woman 29 years old She was 
seen late one evening bj Dr H G Storner, Olean, 
N Y , it her home She complained of excruciating 
headaches associated with spells of \omiting These 
headaches had begun late the same afternoon Her pain 
was severe enough to necessitate two subcutaneous injec- 
tions of a solution of a morphine salt during the night 
The physician made a tentative diagnosis of intracranial 
neoplasm The patient died the following morning 
Information obtained from relatives disclosed that she 
had suffered from attacks of headaches for a long time 
and that the\ had increased in frequency and severitv 
following extraction of a tooth two and a half months 
prior to her death 

Postmortem Examination (three hours after death) — 
The organs of the thoracic and abdominal cavities did 
not disclose any pertinent abnormalities The brain re- 
vealed an approximated}, normal amount of subarach- 
noidal fluid The pia-arnchnoid was not thickened The 
gyri appeared to be slightly flattened Coronal sections 
(fig 1) of the brain showed marked dilatation of both 
lateral ventricles The degree of dilatation was about 
equal on both sides In the vicinity of the mterven- 
tricular foramens of Monro, the roof of the third 
ventricle presented a cystic mass which extended down- 
ward into the cavity of the third ventricle This cyst 
measured 1 5 cm m diameter and contained grayish 
wdnte viscid fluid The septum pellucidum above it was 
extremely thin The evst leaned against the foramens 
of Monro, obviously obstructing the latter The anterior 
portion of the third ventricle was enlarged by the cyst, 
which was suspended from its roof The aqueductus 
cerebri and the fourth ventucle were not dilated 

Mia oscopic Examination of the Cyst — In addition to 
the mam cyst theie were several smaller cvstic areas 
as seen in a multiloculated c\ st The linings of all these 
cystic areas were about the same (figs 2 and 3) The\ 
consisted of one or two layers of cuboidal cells, some 
of which were quite flat A number of the lining cells 
w r ere distinctly ciliated The nuclei were fairly large m 
comparison with the size of the cells and were usually 
at the base of the cells, away from the ciliated surface 
The cytoplasm frequently' show’ed various degrees of 
vacuolation Where the vacuolation was extreme, cilia 
could not be discerned Indeed, some of these cells had 
no sharp cell boundaries toward the free surface and 
appeared to merge with the contents of the evst The 
latter stained moderately' acidophilic Several small con- 
crements which stained bright red with cosin were 
present in the cyst contents They were surrounded by 
polymorphonuclear leukocytes and a few desquamated 
epithelial cells Underneath the lining epithelial cells 

ibid 4 221, 1935 (/) McLean, A J Arch Neurol 

& Psychiat 36 485, 1936' (g) Gardner, W J, and 
Turner, O ibid 38 1055, 1937 (It) Shaver, M R 

ibid 43 510, 1940 (i) Zeithn, H , and Lichtenstein, B 

J Nerv & Ment Dis 91 704, 1940 (?) Larson, C P 

ibid 91 557, 1940 
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Fig 1 — Coronal section of the brain showing a cystic mass filling the dilated anterior portion of the third 
\entncle Note the marked dilatation of the lateral ventricles 

Fig 2 — Cyst wall under low power magnification 

Fig 3 — High power field (drj) showing the lining of one of the additional smaller cysts with partly ciliated 
epithelium and large macrophages m the adjacent stroma 
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there was a stroma which consisted in part of col- 
lagenous tissue, varying m thickness, and in part of 
densely packed, fairly large cells containing clumps of 
light grayish brown pigment These cells did not take 
a sudan stain or a stain for iron They apparently were 
macrophages In one area there was a small tubule 
lined by cuboidal epithelium Such tubules, as well as 
the previously mentioned additional small cystic areas, 
were thought by Zeitlm and Lichtenstein 71 to be proof 
of origin in the paraphysial anlage Most of the external 
surface of the cyst had lost its epithelial lining In some 
areas, however, one could still discern a single layer 
of low cuboidal epithelium such as that seen in the 
ependyma In other sections the choroid plexus was 
observed to be attached to the outer surface of the cyst 
wall The adjacent tissue of the brain (columnac for- 
mas) showed a few minute areas of fresh hemorrhage 

COMMENT 

The clinical importance of such a cyst lies in 
its strategic position near the foramens of Monro 
Acute impaction in the foramens has been men- 
tioned as a cause of sudden death and was 
probably the cause of death in the case now de- 
scribed At the same time the close relationship 
of such a cyst to the choroid plexus is note- 
worthy Indeed, some cysts of apparently 
paraphysical origin have been leported as 
choroidal cysts However the present case 
illustrates again, as emphasized by other authors, 
that the cyst while expanding downward into 
the third ventricle becomes only enfolded b) the 
choroid plexus without actually being part of, 
or having derived from, the. same Furtheimore, 
Zeitlm and Lichtenstein pointed out that similai 
cysts containing colloid material aie not found in 
the lateral and fourth ventricles, a fact which can 
be upheld effectively against the possible origin 


of such a cyst of the third ventricle from the 
choroid plexus 

Cysts of this natuie — also referred to as 
neuroepithelial cysts or colloid cysts of the third 
ventricle — have been described mainly in persons 
from 20 to 50 years old They have been three 
tunes as frequent in males as in females About 
half of all the patients whose cases have been 
reported died within one year after the onset 
of symptoms unless they were successfully oper- 
ated on The most important symptom is severe 
paroxysmal headache, frequently altered by a 
change of the position of the head It has been 
suggested that these intermittent headaches are 
due to temporary encroachment on the foramens 
of Monro by a more or less freely suspended 
cyst Such headaches are frequently accom- 
panied by nausea as v 7 ell as by papilledema 
Stookey 7d expressed the belief that the headaches 
are produced by compression of both veins of 
Galen at their origin with coincident interference 
with the venous outflow of the choroid plexus of 
the lateral and third ventricles Stookey 7d men- 
tioned further that among patients examined 
more thoroughly symptoms referable to the 
diencephalon were found fairly frequently, such 
as hypersomnia, diabetes insipidus, hyperthermia, 
adiposity, \ asomotor distuibances and others 
Ventriculography has been helpful m establishing 
a diagnosis, as reported by Dandy 7n and David- 
off and Dyke 7C Once diagnosed, these cysts are 
amenable to suigical intervention Successful 
removal of such cysts wnth cure of the patients 
has been reported b\ a number of authors Wein- 
berger and Boshes ob re\ lewed the literature in 
1943 
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THE ANOXEMIA THEORY 
(Concluded from page 131) 


E\ccssme Intake of Cholesterol — The role of 
alimentary hypercholesteiemia in the production 
of atheromatosis and atherosclerosis is not 
entirely well established While the gradual de- 
velopment of persistent and considerable hyper- 
cholesteremia m herbivorous animals, especially 
rabbits, having normally a low level of blood 
cholesterol, is regularly seen when these animals 
are put on an abnormal diet containing apprecia- 
ble amounts of cholesterol, the hematic reactions 
observed in this respect in carnivorous and om- 
mverous animals placed on a similar diet are 
distinctly different Burger and Winterseel, as 
well as Burger and Habs, observed in a human 
subject given 5 Gm of cholesterol in olive oil 
a transitory hypercholesteremia reaching its peak 
within two hours after the oral introduction of 
the cholesterol Similai observations of a tran- 
sient increase of the blood cholesterol in man 
after the ingestion of a food rich in fats and 
cholesterol have been reported (Muller , Barreda , 
Gardner , Garb , Snapper and Parisel) Corcoran 
and Rabmowitch stated, on the other hand, that 
Eskimos living on a meat diet and having nor- 
mally a high metabolic rate have normal blood 
lipid values Page cited Tolstoi as having found 
that white men on a similar diet over long periods 
exhibited little change in the level of the blood 
cholesterol In proper evaluation of these ob- 
servations it must be noted that the Eskimos 
consume relatively little fat (Thomas), and thus 
there is no valid reason why alimentary hyper- 
cholesteremia should develop 
Okey and Stewart, on the other hand, observed 
m women after administration of a food contain- 
ing large amounts of cholesterol (egg yolk, but- 
ter) a transitory increase m blood cholesterol 
Similar observations m man fed powdered egg 
yolk were recorded by Steiner and Domanski 
The cholesterogemc nature of this reaction was 
demonstrated by the observation that the feeding 
of soybean lecithin to man caused hypocholester- 
emia Flock, Corwin and Bollman obtained 
sustained hyperlipemia of dietary origin m dogs 


Stemei and Domanski also noted such an effect 
in dogs given a cholestei ol-i ich food, but the 
elevation of the blood cholesterol remained within 
moderate limits and atheromatous leactions were 
absent Li, Hough, Monahan and Freeman 
demonstrated in dogs fed a protein-deficient, 
high fat-cholesterol diet an increase of the serum 
cholesterol of 172 to 225 per cent This reaction 
was much less marked when fat and cholesterol 
weie given with a diet containing adequate 
amounts of protein Repoits of persistent ali- 
mentary hypercholesteremia in dogs and rats fed 
a cholesterol-rich diet were published by Corwin 
and Sperry and Stoyanoff Whether or not the 
mildly and persistently increased blood choles- 
tei ol not infrequently noted m obese children and 
adults is of dietary or of endocrine origin has as 
yet not been determined (Ricketts) The avail- 
able evidence indicates that the prolonged and 
excessive intake of cholesterol can elicit persis- 
tent, though usually mild to moderate, hyper- 
cholestei emia m omnivorous and carnivorous 
animals 

The earliest manifestation of an intei relation 
between hpoidal mtimal deposits and an alimen- 
tary imbalance of the plasma cholesterol is prob- 
ably lepresented by the so-called lipoid spots of 
the aorta appearing as earl}’- as two months aftei 
birth (Ernst, Gorog) These spots and stieaks 
apparently are responses to the relative hyper- 
cholesteremia elicited by a milk diet m an organ- 
ism with an incompletely developed cholesterol 
metabolism This conclusion is derived from 
the fact that the serum cholesterol level of the 
newborn is low (about 60 mg per hundred cubic 
centimeters) (Gyorgy, Hueck, Muhlbock and 
Kaufmann, Sperry), which contrasts sharpl) 
with the hypercholesteremia prevailing in the 
maternal blood during pregnancy, when the pla- 
centa apparently serves as a filtration membrane 
and a storage organ for cholesterol (Verse) 
The blood cholesterol of the infant approximately 
doubles during the first four months of life (Kube 
and Ssowlowjew , Knauer) and then rises grad- 
187 
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ually until it reaches the noi mal set um cholestei ol 
level of 130 to 230 mg per hundred cubic centi- 
meteis Thus, accoidmg to the figures given 
before, the human infant behaves in regard to 
the alimentary intake of cholesterol, which is 
not inconsiderable, much as does the herbivoious 
labbit, in which the serum cholestei ol level le- 
mains at a low level (50 to 100 mg per hundred 
cubic centimeters) throughout life Studies of 
Ssowlowjew on suckling rabbits have shown the 
piesence of similar lipoidal deposits in the aoitic 
ultima and media, while these weie absent m 
}Oung rabbits which had been on a vegetal lan 
diet foi a penod of one to two months 

The lipoid spots and stieaks obseived m the 
human aorta and the laige elastic artenes in- 
crease m frequency and extent during the hist 
two decades and tend to disappear thereafter 
(Lubaisch, Saltykow , Monckeberg, Sclunidt- 
mann , Scheel , Zmserlmg , Kube and Ssowlow- 
jew) They aie present in all children above 
the age ot 5, according to Schnudtmann Similar 
changes develop during the same period in the 
ventricular side of the laige initial leaflet (Mai- 
tius) The spots and streaks appear as white 
or whiter ellon elongated foimations, resembling 
drops running doAvn a candle, and are not ele- 
vated oi only slightly’’ elevated above the lnlimal 
surface They fust develop just above the aortic 
cusps, latei around the onfices of arteries blanch- 
ing f i om the aortic arch, in the seal of the ductus 
arteriosus, on the postenor Avail of the aoila, 
either aiound or at the lower edges of the orifices 
of the intercostal and lumbar aitenes oi between 
the orifices of the intercostal artenes at the pos- 
terior aspect of the aortic Avail, at orifices of the 
large abdominal arteries and, finally, in the loivei 
abdominal portion of the aoita, affecting also 
the latei al and antenoi aspects (Zmserlmg, 
Ranke, Lange, Froboese) The lipoidal ma- 
terial appears first m the endothelial cells and 
extracellularly m the subendothehal layer, but 
usuall) also here Avithin histiocytes, especially 
when little ground substance is present (Zin- 
serling) Fibioblastic proliferation of a mild 
degree often accompanies these changes (Lu- 
barsch, Schmidtmann) The lipoid spots do 
not sIioav any progressive degeneration and ap- 
parently are reA’ersible (Thorel , Krisch) The 
cellular pi oliferation in the periphery of the 
lipoidal deposit may regress with the ultimate 
disappearance of the lipoidal material, sometimes 
leaving a minor focal hyaline thickening of the 
mtima (Zmserlmg) During midde age both 
lipoid spots and atherosclerotic lesions may co- 
exist and ma}’ even be superimposed on one 


another (unless such combinations are to be 
considered different stages of the same piocess) 

A lively conti oversy still exists concerning 
some aspects of the causation and the significance 
of these lesions, especially m regaid to AAhether 
they are precursors of the atheiosclerolic lesions 
developing in later decades Beitzke asserted that 
the lipoid spots are the lesult of defects in the 
mtima caused by a transitoiy excessive dilatation 
of the aortic Avail AA’hich elicits mptures m the 
delicate and un)ielding mtima Others (Aska- 
nazy, Sanders, Zinseihng, Simmtzky) related 
these lesions to toxic injuries sustained during 
infectious diseases Still others (SaltAkow ! 
Ranke , Lubarsch , Benda , AmtschkoAV , Moncke- 
bei g Kohlhaas , Oberndoi fer , Busch , Schmidt- 
mann , Zmserlmg) regard the lipoid spots as 
early stages of atherosclerotic lesions, AA’ith which 
the\ r share the same topographic distribution 
Ranke claimed that giadual tiansitions betiveen 
the lipoid spots and tApical atheromas can be 
demonstrated Aschoff distinguished sharply be- 
tAveen the atheiosis of infants and juvenile per- 
sons and the sclerotic atherosis of adults Others 
(Ribbeit, Hueck, Lange Cramer, Askanazj , 
Froboese, Wcstenhofer, Jorcs, Beitzke) con- 
sideied lipoid spots as distinct ironr athei osclero- 
sis for a number of reasons, such as the diff erence 
in the age of occurrence, the irreA ersibilitx ot 
atherosclerotic lesions, the presence of productne 
and degeneiative piocesses m atherosclerotic le- 
sions, the greatei distribution of the athei oscle- i 
rotic changes in the aiteual tiee and the rela- 
tive rarity of typical atherosclerosis in children 
(Benda, Seitz, Chian, Filatoff and Rachman- 
inoff) 

In the light of the evidence available on the 
genesis of lipoidal intimal deposits it appears 
that the differences between lipoid spots and I 
typical athei omas are not fundamental but mainly 
those of degiee and duiation The causative 
agent and mechanism acting m the production 
of these manifestations dunng childhood act evi- 
clentl) with minor intensit) and over a limited 
length of time, AA’hile those opeiatne during adult 
life act through the course of decades and Avith 
gieatei strength 

The available evidence connecting an excessn’e 
alimentaiy intake of cholestei ol-containing food- 
stuffs Avith the development of atherosclei osis m 
adults is mainly of cncumstantial character 
(Beneke) Rosenthal, avIio compiled the data 
fiom twenty-eight papeis dealing Avith the rela- 
tion between diet and the incidence of athei o- 
sclerosis m vanous countnes and under different 
climates, found that a diet high m fat content 
aa as almost mvauably accompanied by a high 
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rate of atherosclerosis among its consumers, while 
diets with a low fat content, such as those con- 
sumed by Eskimos and Japanese, were usually 
associated with a low incidence of atherosclerosis 
Investigations of Rubner (in Japanese) and Raab 
on this subject led to similar conclusions Grotel, 
Bykhovskaya, Pavlova, Pokhodilova and Shoi 
found that the degree of atherosclerosis increased 
parallel with the quality of nutrition, being most 
pronounced in persons with excessive nutrition, 
particularly of cholesterol Rosenthal stated that 
the intake of large amounts of neutral fat paves 
the v ay for the absorption of cholesterol through 
the intestinal w all Cramer recorded an unusual 
incidence of intimal lipoidosis in tuberculous pa- 
tients kept on a high fat diet Additional support 
for the occurrence of alimentary atherosclerosis 
in man is supplfed by the observations of Kuczyn- 
ski among the inhabitants of the Kirghiz steppe 
Kuczynski found that the nomads inhabiting the 
plain, who daily consume enormous amounts ot 
mares milk (20 liters) and meat (10 to 20 
pounds [4 5 to 9 Kg]), showed in addition to 
obesity signs of precocious cholesterosis (exten- 
sive atherosclerosis, aicus senilis of the cornea), 
while the inhabitants of the towns, who consume 
a more moderate and mixed diet, exhibited a 
sclerosing hyperplastic type of vasculai disease 
without regressive intimal changes 

Man} attempts have been made to prove oi 
to disprove the existence of relations between the 
cholesterol content of the blood and the develop- 
ment of atherosclerosis by comparing the blood 
cholesteiol content with the condition of the 
arteries The results obtained were contradic- 
tory, as might be expected fiom the fact that 
atheiosclerosis is in general a process which takes 
years to develop and which may persist for many 
more years after the cessation of the action of 
the causal agent The determination of the 
blood cholesterol content, on the other hand, 
merely renders information about the momen- 
tary condition of the blood, which may be entirely 
unrelated to the status of the blood prevailing 
when the vascular lesions were produced Liebig 
thus tound hypercholesteremia in 77 per cent 
of Ins patients with atherosclerosis and essential 
hypertension and concluded from this observation 
that cholesterol contributed to the development 
°f the vascular lesions Steiner and Domanski 
recoided for patients Avith coronary arterioscle- 
rosis a serum cholesterol level which fluctuated 
betw een 308 and 499 mg per hundred cubic 
centimeters, aveiage 355 mg, against rallies of 
4 to 334 mg per hundred cubic centimeters, 
average 255 mg m a normal conti ol group 


Davis, Stern and Lesnick reported similai ob- 
servations m patients with angina pectoris and 
arterioscleiosis, many of whom showed an m- 
ciease of all lipid fractions 

Numerous attempts have been made to repio- 
duce atherosclerosis m carmvoious (dog, cat) 
and omnivorous animals (rat, mouse, chicken) 
by feeding a diet to which considerable amounts 
of cholesterol were added Carnivorous animals 
normally have retention hypeicholesterenua only 
during pregnancy and after castration (Lowen- 
thal, Neumann and Heirmann, Roemei , Ber- 
berich, DaBella , Mancke) Omnivorous and 
carnivorous animals, like man, absoib and ex- 
ciete lapidly ingested lipoid material and there- 
fore leact with a rapid and transient rise of 
blood cholesterol (Yuasa) If lipoid is fed over 
long periods, there is a decrease in the degree 
of visible lipemia as the organism becomes trained 
in handling lipoids (Lowenthal) A combined 
piotein-lipoid diet increases the digestive transj- 
tory lipemia m these animals (Bang) While 
attempts to produce persistent hypercholesteremia 
m dogs by feeding cholesterol or lecithin in the 
diet, have been successful ( Corwin , Gngaut and 
L’Huilher, Anitschkow), all efforts to elicit 
atheromatosis in these animals have so far failed 
(Wacker and Hueck, Hueck, Kawafuia , Adler 
Anitschkow) Similar failuies weie obtained 
with cats (Cook, Yuasa Hueck, Cmo, Anit- 
schkow) 

The experiments with lats fed a cholesterol- 
lich diet gave variable results Numerous ob- 
servers ( Chalatow , Mosebach , Anitschkow and 
Chalatow , Cook and McCullagh , Chanutin and 
Ludewig) reported a negative outcome of then 
expei iments, while Saxton and Yuasa recoided 
occasional or extensive lipoid deposits in the 
aoitic intima The reason for these divergent 
results in rats is not appai ent from the published 
data In feeding mice with various kinds of 
fats Domagk obtained m addition to amyloid 
and leukemoid changes in the liver and the spleen 
fatty degenerations and calcifications of the walls 
of arteries Rabl recorded similar results as to 
artenal lipoidosis and calcinosis in mice fed a 
cholesterol-containing diet adjusted by the addi- 
tion of phosphoric acid, ammonium chloride 
potassium sulfate, calcium phosphate and sodium 
acetate to an alkaline or an acid reaction While 
Lowenthal was unsuccessful in eliciting athe- 
lomatous reactions in normal mice fed a choles- 
terol-containing normal diet, he succeeded in 
this lespect m castrated mice and in mice fed 
a protein-cholesterol diet Corwin mentioned 
bnefly that attempts to produce alimentary athe- 
lomatosis in foxes were unsuccessful 
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Experimental cholesterol atheromatosis affect- 
ing the aorta and the brachiocephalic, coronary, 
renal, celiac, iliac and femoral arteries was rela- 
tively readily and consistently obtained in young 
chickens by several workers (Uchiyama, Wol- 
koff , Dauber and Katz) Chickens behave like 
mammals m regard to their cholesterol metab- 
olism, according to Sperry and Stoyanoff The 
cholesterol content of the serum was markedly 
elevated in chickens fed cholesterol (430 to 2,148 
mg per hundred cubic centimeters) (Dauber 
and Katz) The ratio of free cholesterol to esters 
remained within normal limits The resulting 
mtimal lesion consisted of extracellular and intra- 
cellular hpoidal deposits associated with fibro- 
blastic and elastic fibrillar proliferations Calci- 
fications and ossifications within the foci were 
not rare The mtimal cushions sometimes en- 
croached markedly on the lumens of large and 
small arteries, occasionally causing almost com- 
plete obliteration In such severe lesions mtimal 
foam cell proliferations invaded the media, which 
was often calcified In addition to lipoidotie 
changes in various parenchymatous organs, the 
testes were atrophic, similar to those seen m 
cholesterol-fed pigeons with atheromatous arterial 
changes (Kawamura, Yamaguchi) The vas- 
cular lesions showed a topographic distribution 
similar to that of the juvenile lipoid spots seen 
m man Dauber and Katz suggested that the 
difference in the localization of the atheromatous 
leactions in man and chickens is probably at- 
tributable to the fact that different functional 
and anatomic strains are exerted on various parts 
of the aorta of these two species These investi- 
gators noted that the pulmonary arteries and 
veins were free from atheromatous lesions, while 
the vasa vasorum of the aorta were filled with 
foam cells This observation led Dauber and 
Katz to believe that the migratory foam cells 
clogging the vasa vasorum initiate the degenera- 
tive changes (necrosis, deposition of cholesterol, 
fibrosis, calcification) in the vascular walls 
For the proper evaluation of these observations 
it is necessary to point out that Sperry and Stoy- 
anoff found markedly increased serum cholesterol 
in some of their chickens kept on a normal diet, 
while Kraus noted that chickens start to show 
mtimal hpoidal deposits in the large arteries from 
their second year of life These hpoidal foci are 
located mainly m the ascending and abdominal 
portions of the aorta and involve both the mtima 
and the media Kraus concluded from this evi- 
dence that reports of experimental production of 
atheromatosis in chickens are of uncertain in- 
terpretation 


Hesse and Wolkoff, who reported the occur- 
rence of severe and generalized atheromatosis and 
calcinosis of the arterial tree in 3 parrots kept 
m captivity for many years and fed a diet of 
nuts and eggs, considered these manifestations 
as results of alimentary cholesterosis It mav 
be mentioned, however, that Cook failed to ob- 
serve such changes m a parrot receiving a diet 
fortified with cholesterol and that similar ai terial 
changes are commonly seen m old parrots (Nie- 
berle, Pallaske, Wolkoff, Fox) 

Among the herbivorous animals, monkejs, 
goats, guinea pigs and rabbits have been used 
for the experimental production of alimentary 
cholesterol atheromatosis All attempts to elicit 
such lesions in monkeys failed (Duff, Corwin) 
Chalatow fed 3 goats egg yolks for two and a 
half to five months and obtained* a threefold in- 
crease of the serum cholesterol in a pregnant 
female goat and m a young male goat, while 
the blood cholesterol level of an old male goat 
remained unchanged The aorta of the young 
male goat showed many mtimal intracellular 
hpoidal deposits located especially around the 
orifices of the aortic branches The aortas of 
the older animals were without any significant 
changes Chalatow r fed guinea pigs egg yolk for 
a relatively short time without obtaining athe- 
romatous arterial reactions Anitschkow^, who 
lepeated these experiments and extended them 
for up to one hundred and eighty-three days, 
produced typical atheromatous mtimal responses 
in the aorta Pseudoxanthoma cells located be- 
tween the endothelium and the internal elastic 
membrane had taken up lipoid material primarily 
deposited in the interstices of the mtima Similar 
results m guinea pigs w^ere recorded by Bailey 
Cook and Schonheimer Cook and McCullagh, 
who fed guinea pigs cholesterol in arachis oil 
for up to two hundred and eleven days and ob- 
tained marked hypercholesteremia, found, on the 
other hand, only minor mtimal lipoid deposits in 
the aorta and the large vessels 

The great majority of experiments on alimen- 
tary cholesterol atheromatosis were performed on 
rabbits In the original experiment of Ignatow- 
ski, which started the experimentation on ali- 
mentary cholesterol atheromatosis, rabbits re- 
ceived a diet of milk and egg yolk, which is rich 
in cholesterol After the demonstration of cho- 
lesterol as the active principle in tins diet sub- 
sequent investigators followed several lines of 
dietary management in their experimental studies 
on rabbits One group of workers (von Leer- 
sum, Warischtew, Anderson, Newburgh and 
Squier, Newburgh and Clarkson, Knack, 
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Meeker and Kesten, Stuckey, Fahr, Duff, Star- 
okadomsky, Saltykow, Steinbiss, Clarkson and 
Newburgh) continued to feed a diet containing 
cholesterol as a part of a proteinic base, such 
as egg yolk, milk, brain, powdered liver and 
meat The majority of workers used cholesterol 
dissolved in an oily medium (sunflower oil, olive 
oil, linseed oil, arachis oil, cottonseed oil, spdium 
oleate), which was either mixed with the basal 
diet or given by stomach tube (Verse, Katz, 
Sanders, Megibow and Carlen, Leary, Liebig, 
Anitschkow , Aylward and Stott , Rosenthal , 
Bollman and Flock, Matsunami, Fnedberg and 
Hurwitz, Duff, Schmidtmann, Schonheimer, 
Hirsch and Weinhouse, Wemhouse and Hirsch, 
Wolkoff, Zmserhng) A few investigators 
(Diez, Shapiro, Chuma, Nisi) fed cholesterol 
in the forms of hydrous wool fat, whereas only 
the exceptional student added dry cholesterol to 
the ordinary diet (Wacker and Hueck, Scarff , 
Knack) Atherosclerosis was successfully pro- 
duced by all these dietary procedures, but rela- 
tively least readily by the last-mentioned method 
The alleged production of mtimal hpoidal de- 
posits following the administration of lecithin 
(Remesow, Seemann) has to be charged to the 
cholesterol usually present in preparations of 
lecithin of ammalic origin (Schonheimer) Leci- 
thin prepared from soybeans apparently has no 
atherosclerotogemc properties Wesselkin’s re- 
sults with lecithin were negative The feeding 
of vegetable protein (soybeans, gluten flour) 
(Freyberg, Stuckey) or of defatted liver (Kon) 
or of various kinds of oils and fats free from 
cholesterol (Verse , Duff) was equally ineffective 
Diez, on the other hand, asserted that the feeding 
of spermaceti, which does not contain any choles- 
terol, caused hypercholesteremia Raab stated 
that whenever steps have been taken to remove 
the cholesterol from the proteinic matter the 
feeding of this material fails to elicit atheromatous 
lesions 

It must be mentioned m this connection that 
the feeding of a protein diet free or almost free 
from cholesterol to rabbits has repeatedly resulted 
in vascular changes of a sclerotic-calcmotic or 
sclerotic-hpoidotic type Steinbiss reported that 
in rabbits kept on a diet of powdered liver or 
testis there developed, simultaneously with osteo- 
porosis, only degenerative changes in the mus- 
cular and elastic elements of the aortic media, 
associated with fibrosis and calcinosis Similar 
lesions were sometimes seen in the small arteries 
of the kidney, the liver and the spleen Nuzum, 
Osborne and Sansum repeated the experiments 
°f Steinbiss and observed in their rabbits the 
development of hypertension and arteriosclerotic 


lesions consisting of swelling and calcification 
of the mtimal ground substance and hyahnization 
and calcification of the elastic fibrils and of the 
muscle cells of the media Nuzum, Seegal, Gar- 
land and Osborne observed during subsequent 
experiments performed on rabbits which received 
for two years a pure oat diet and m which hyper- 
tension developed transitory swelling of the m- 
timal ground substance followed by deposition 
of cholesterol and hyahnization and fibrosis of 
the mtima Through cyclic repetition of these 
processes there occurred a layered thickening of 
the intima with hpoidal-hyaline deposits In 
both the liver-fed and the oat-fed rabbits acidosis 
developed as a result of the diet, and Nuzum 
and his co-workers attributed to it the produc- 
tion of the hypertensive and atherosclerotic reac- 
tions They considered a dietary cholesterol 
intake as unessential for the production of athe- 
romatous lesions, on the basis of these observa- 
tions Meeker and Kesten recently took up again 
the feeding of rabbits with a cholesterol-free pro- 
tein (defatted casein), added to the regular diet, 
and observed in the rabbits thus treated the de- 
velopment of mild to moderate hypercholes- 
teremia and of arteriosclerotic changes m the 
aorta and the coronary vessels When the casern 
was replaced m the diet by soybeans, the pro- 
duction of atherosclerotic lesions was prevented 
by the iodine normally contained in soybeans 

In this connection reference may be made to 
experiments made by Newburgh and Clarkson 
and by Anderson These experimenters fed rab- 
bits a diet 50 per cent of which was powdered 
lean beef meat The rabbits obtained thereby 
a total daily cholesterol intake of 28 mg, and 
typical atheromatous lesions developed m the 
aorta in addition to mtimal and medial calci- 
fications Newburgh and Clarkson were inclined 
to disregard the possible role which the small 
amount of ingested cholesterol may have played 
in the production of the vascular responses and 
expressed the belief that these reactions were the 
result of the protein diet These observations 
suggest the possibility that in rabbits certain types 
of protein diet may elicit under proper experi- 
mental conditions of unknown nature hyperten- 
sive, hypercholesteremic and atheromatous or 
atherosclerotic or artenosclerotic-calcmotic reac- 
tions ensuing from disturbances of the calcium 
and cholesterol metabolism 

These observations are of special interest as 
certain workers (Schmidtmann and Huttich, 
Schmidtmann, Westphal, Deicke, Fahr, Ma- 
tusita , von Leersum, and Schonheimer) have 
asserted that the feeding of cholesterol, egg yolk. 



192 


ARCHIVES Of PATHOLOGY 


\ 


hydious wool fat or liver lesults in the develop- 
ment of hypertension, which is causally connected 
w ith the hypercholesteremia produced, since i enal 
changes are absent Schmidtmann proposed that 
the hypertension is attributable to a sensitizing 
effect exerted by the cholesteiol on epinephrine 
The hypei tensive leactions paialleled the athe- 
lomatous vascular changes, accoidmg to Schmidt- 
mann These observations, however, weie not 
confirmed by otheis (Tregubow, Shapno and 
Seecof, Tholldte, Shapno, Shepaid and See- 
cof , Katz, Sanders, Megibow and Cailen) The 
caidiac hypertrophy noted in cholesterohzed lab- 
bits b) Katz, Sandeis, Megibow and Cailen and 
by Fnedberg and Hurwitz could not be tiaced 
to systemic hypertension but was attubuted to 
the myocardial ischemia caused by the atherom- 
atosis of the coronary aitenes, which, on the 
othei hand, did not elicit abnormal electrocaidio- 
giaplnc reactions (Nyboer, Biuger and Rabson) 
These experimental data indicate in connection 
with the clinical experience that hypei choles- 
teremia and hypertension aie not causally intei - 
related 

The increase m the serum cholesteiol content 
of the cholesterohzed rabbits may be considerable 
fup to twenty times the notmal amount) and 
is not accompanied by any consistent changes in 
the ratio of free to esterified cholesteiol While 
this reaction is accompanied by elevation of the 
levels of the other lipoids and lipids of the sei uni 
( W einhouse and Hu sch , Wackei and Htieck , 
Bollman and Flock, Page and Bernhard), the 
cholesterol mciease is disproportionally .higher 
than that of any other of the fat substances The 
use in serum cholesterol during the fust two 
months under this dietary management is a grad- 
ual and progressive one After tw r o to three 
months the movement levels off and is followed 
b\ a drop in spite of continued oral administra- 
tion of cholesteiol The seium cholesterol level 
finally becomes stationary at a point several times 
the normal value It is notewoithy that this di op 
cannot be prevented by mci easing the dose of 
cholesteiol ingested but can be slowed by increas- 
ing the amount of oil given (Verse, Wemhouse 
and Hn sch , Remeck , Kirchgessnei , Rohr- 
schneider) There seems to develop first a bal- 
ance between absorption, on one hand, and ex- 
cretion and storage, on the other After all 
possible depots for lipoid stoiage m the oiganism 
aie filled to capacity theie follows apparently 
a metabolic adaptation of the body to the m- 
ci eased intake of cholesterol, lesulting in eithei 
more rapid excietion of the cholesterol or de- 
ci eased absoiption of it from the intestine 


It is noteworthy that the type of oil used as 
a solvent influences the speed of absoiption of 
cholesteiol and of the development of hypei - 
cholesteicmia Linseed oil seems to be most 
efiective in this lespect (Verse) 

The deposition of cholesterol in the aitenal 
walls is usually preceded by considerable storage 
of lipoids m various oigans (liver, adrenal glands, 
kidneys, spleen, lungs) and in the reticuloendo- 
thelial system when the usual method of feeding 
large daily doses of cholesteiol is used The 
chronic effects of this thesaurosis elicit cirrhotic 
changes in the liver (Verse, Broun and Mue- 
ther) Lipoid deposits in the corneas (arcus 
senilis) of cholesteiolized rabbits are frequent 
(von Poppen , Rohrschneider , Verse, Rolen,-* 
Chuma, Schonheimer, Nakanomm, Nakanomm 
and Koboschi , Kaw amura , Wada, and others) 
These coineal changes recede partly after cessa- 
tion of the 01 al ingestion of cholesteiol Marked 

differences exist in the degrees to which the 
\ariotis lipoids and lipids are stored m the dit- 
feienl organs (Aydwaid and Stott) The or- 
ganic ictention of glycendes appears to be inde- 
pendent of that of cholesterol and to be influenced 
by the choline, piotein and oil contents of the 
diet 

Experiments of Anitschkow of Chuma and 
of Zinserhng and Krinit/ky haie demonstiated 
that the development of organic lipoidosis and 
of high hy'pcrcholeslercmia is not prerequisite and 
essential to the development of alimentary atliero- 
scleiosis in rabbits When Anitschkow fed rab- 
bits w'lth small amounts of diluted milk and egg 
y oiks and w hen Chuma and Zinserhng and Ivrin- 
ltzky adnunisteied small quantities of hydrous 
w'ool fat to rabbits oiei periods of two years, 
they noted isolated and mild atheromatous reac- 
tions in the aoita in the absence of storage 
phenomena m the parenchymatous organs and 
m the presence of only minor hypei cholestei enna 
The causative and hematic conditions present in 
these experiments lesemble closely those obseived 
m many r instances of human atherosclerosis 
Anitschkow' showed, moieover, that a short and 
intensive couise of oral treatment with cholesterol 
is sufficient to elicit atheromatous lesions, which 
aie foimed m the piesence of minor organic 
lipoidosis and which persist and are newly' formed 
foi seveial months aftei the arrest of treatment 
and wdien the serum cholesterol level has leturned 
to normal The absence of hypercholesteremia 
is thus not pi oof that such a distuibance did 
not furnish the causal background of athero- 
sclerosis 

Atheromatous deposits in the arteries appeal 
fiist and are most maiked in the ascending poi- 
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Hon of the aorta and then aiound the orifices of 
the intercostal arteries Later they extend to 
the abdominal portion and to the larger arteries 
— the carotid, subclavian, iliac, renal, splenic, 
intestinal, renal and coronary arteries (Duff, 
Anitschkow , Hurwitz and Friedberg , Wolkoff , 
Schmidtmann , Scarff , Katz, Sanders, Megibow 
and Carlen , Verse , Cook and McCulIagh , 
Leary) The large and small branches of the 
pulmonary artery are frequently involved , while 
with se\ere nodular xanthomatous atheroma- 
tosis the veins also show lesions Schonheimei 
observed endothelial and subendothehal deposi- 
tion of lipoid m the intima of the mfenor vena 
cava and m the portal vein, which was sinnlai 
to that seen occasionally m man with high hyper- 
cholesteremia (Benda) 

The atheromatous formations start with the 
appearance of hpoidal matter in the subendo- 
thelial ground substance and in foam cells of 
this region or with foamy swelling of the endo- 
thelial cells The subendothehal foam cells aie 
m part derivatives of the proliferated xanthoma- 
tous endothelial cells, but mainly they evidently 
originate from histiocytic cells, especially in those 
cases m which they appear beneath an appar- 
ently intact endothelial lining Anitschkow and 
also Leary, however, insist that the foam cells 
are exclusively of histiocytic or leticuloendo- 
thelial origin The internal elastic membrane 
may show framing and proliferation and in severe 
lesions is penetrated by foam cells invading the 
media In advanced changes there may be foam 
cell transformation of the endothelial lining of 
the vasa vasorum as well as accumulations of 
foam cells m the spaces around these vessels 
Medial calcifications beneath the foam cell intimal 
cushion are occasionally seen (Damsch , Hueper) 

Early regressive changes ill these lesions v r ere 
observed by Stuckey and by Krylow during the 
fust six months after the cessation of cholesterol 
feeding Verse reported fibromuscular trans- 
formation of the plaques with central calcifica- 
tion in a rabbit which survived the dietary treat- 
ment by four hundred and twenty-five days 
Wada recorded similar reactions in rabbits after 
hjdrous wool fat had been fed Anitschkow, 
who studied the aortas of labbits one hundred 
and one to eight hundred and fifteen days after 
the discontinuation of the cholesterol manage- 
ment, found the first signs of regressive changes 
m the athei omatous lesions in the ascending 
and uppei thoracic portions of the aorta, such 
reactions did not appear in the athei ornas of 
the abdominal portion of the aorta until much 
later During the regressive changes the lipoid 
Jirst disappears fiom the foam cells and re- 


mains only m the peupheiy of the plaque, 
while the center is replaced by fibrous tissue 
Collagenous and elastic fibrils develop between 
the foam cells The fat released from the dis- 
integrating foam cells separates into large coal- 
escing globules of neutral fat and cholesterol 
crystals The neutral fat is resoibed, while the 
cholesterol crystals remain Calcium granules 
then appear m the deeper parts of the plaques, 
and the fibrosis mci eases (Anitschkow, Duff) 
New' formation of capillaries is only rarely seen 
m the athei omas (Anitschkow) Saltykow ob- 
sei ved similar regressive changes m rabbits main- 
tained continuously on a milk diet The develop- 
ment of aneurysms of the aorta in the region of 
the arch on the basis of these regressive intimal 
and medial changes was repoited by Liebig, by 
Wesselkm and by Leary and Weiss In the 
case reported by Leary and Weiss a dissecting 
aneurysm was found similar to those frequently 
observed in the rabbit’s aorta after the injection 
of epinephrine hydrochloride (Fischei , Erb, 
Kulbs, Ziegler, Kaiserling, Schirokogoroff) 
Numerous experiments have been performed 
m attempts either to accentuate or to accelerate 
the development of dietary cholesterol atheroma- 
tosis in rabbits or to impair or to suppress this 
piocess Ssolowjew succeeded in aggiavatmg 
the local deposition of cholesterol m exteriorized 
paits of carotid arteries, which w T ere placed in 
skin sleeves These arteries were traumatized 
when the rabbits threw their heads violently back- 
ward during daily attempts to introduce a stomach 
tube These abrupt movements of the neck pro- 
duced teais m the elastic membranes The 
defects thus produced were filled m by lipoid- 
containing foam cells While Schmidtmann 
recorded aggravation of the vascular lesions in 
cholesterolized rabbits through administration of 
vitamin D, Harrison observed that vitamin D 
sclerosis m rabbits rendered the affected parts 
relatively immobile and that this immobility 
seemed to make the sclerosed foci less susceptible 
to the subsequent development of atheromatous 
lesions Meeker and Kesten reported that a diet 
high m soybean flour diminished the incidence 
and the degree of experimental atheromatosis, 
while a diet nch m defatted casein augmented 
them The attempts of Jobling and Meeker to 
accelerate or to mciease the development of 
cholesterol lesions m the aortas of rabbits failed 
when the following procedures were employed 
Intravenous injection of streptococcus toxin, 
feeding of ammonium hydroxide, production of 
artificial fever, intravenous injection of peptone, 
production of anaphylactic shock and intravenous 
injection of uric acid These steps were taken 
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so as to elicit one of two apparently pi unary 
changes in the intima impoitant in the develop- 
ment of expei miental and human atheiosclerosis 
(1) a change in the peimeabihty of the wall of 
the vessel in the neighborhood of the internal 
elastic membiane which pi events the normal 
passage of large molecules, such as proteins and 
lipids, from the intima into the media without 
interfering with the passage of water and crystal- 
loids, (2) an mciease in the permeability of 
the intima without other uijuiy to the vessel 
wall In both instances it was thought that 
there may occur a deposition of relatively large 
amounts of lipids and of coagulated and finally 
hyahmzed protein Similai expei iments of 
Thiei sch, who tried to enhance atheromatosis 
by producing bactei loallergies, likewise failed 

Shapiro noted that thyroidectomized, splenec- 
tomized oi gonadectomized rabbits exhibited m- 
ci eased susceptibility to cholesteiol atheromatosis 
This susceptibility' w'as especially maihed in thy - 
roidectomized animals Moehhg’s attempts to 
attain this goal in cholesterohzed labbits by re- 
peated injections of a solution of the postenor 
lobe of the pituitaiy gland were successful 
Injections of the solution alone proved to be 
ineffective A similar aggravating effect w'as 
exerted on the atheromatosis by the thyrotropic 
factoi of the pituitary gland (Bruger and Fitz, 
Sperij ) 

Various means have been emplo-s ed in the 
many attempts made to preient oi to cure the 
cholesterol atheromatosis of labbits Alcohol 
recommended by Leary as an antidote against 
cholesterol atheromatosis m man, w r as tried by 
Eberhard m cholesterohzed rabbits It was found 
that if the cholesterol w r as dissohed m 20 pei 
cent alcohol, the absorption of the cholesterol 
from the intestine w r as acceleiated and the 
rise of the blood cholesterol level w'as moi e 
rapid and higher than when cholesterol was added 
dry to the basal diet While thei e w'ere no gross 
differences in the appearance of the atheromatous 
aortas of the tw r o groups, the lesions m the alco- 
hol senes exhibited smaller intimal cushions 
which extended less often into the media The 
significance and the finality of these obsei\ations, 
howevei, w r ere regarded by Eberhard as doubt- 
ful Schaffir fed egg yolk and alcohol to labbits 
and obseived increased aortic athei omatosis and 
medial calcifications Thiei sch reported similar 
results in rabbits equally treated with cholesterol 
and alcohol Chauka noted that lactic acid and 
oleic acid wdien fed to rats along w ith cholestei ol 
increased the Resulting hypercholesteiemia but 
prevented deposition of fat in the aorta These 
acids also intensified the uptake of lipids by the 
cells of the reticuloendothelial system After 


Buigi had contended that chloiophyll exerted a 
favorable effect on artenosclerosis and hyper- 
tension, Blumei, Gordonoff and Rezmkoff and 
Gordonoff fed rabbits cholesterol in oil and a 
pieparation of chloiophyll and observed only 
minor fibiotic thickenings in the aoitic intima 
and absence of lipenua and lipoidosis of the 
Ivupffei cells Mahsoff and Hueper claimed that 
tiie administration of potassium thiocyanate re- 
duced the severity and the incidence of athero- 
sclerosis in thyroidectomized rabbits fed choles- 
terol The mechanism of this protective action 
is according to Mahsoff, not cleai, as it is un- 
ceitam w’hether the thiocyanate heightens the 
dispersion of the cholestei ol colloids in the blood 
and the tissues or changes the pei meabihty of the 
vasculai wall (Westphal), as thiocyanates are 
colloidochemical antagonists of cholesterol 
(Guttmann) 

Attempts of Hesse to influence facorably the 
cholesteiol athei omatosis of rabbits by the ad- 
mmisliation ol an ethy 1 ester of ncinoleic acid and 
ol its silicic acid adduct were unsuccessful 
Equally' unsuccessful were the eftoits of Flex- 
ner, Bruger and Wright to prc\ent the decelop- 
ment of hypercholestei emia and atheromatosis in 
cholesterohzed/abbits by the injection of massne 
doses of ascoibic acid and thiamine singly or com- 
bined, as well as those ot Thiersch in connection 
with the administration of dehydrochohc acid 

While the experimental results of Kesten and 
Silbowit7 suggested that the administration of 
soebean lecithin oi of choline m an amount 
equivalent to that in lecithin mitigated the de- 
velopment of cholesteiol atheromatosis in rab- 
bits, the studies of Steiner, of Hnnsw'orth and 
of Baumann and Rusch showed that the ad- 
ministration of even large doses of choline had 
no influence on the cholesterenna and atheroma- 
tosis of cholestcroli7ed rabbits Steiner reported 
how'evei , as a suggestive finding that choline 
might aid m the mobili7ation and resorption of 
lipoids fiom atheromatous lesions produced m 
the aoita Although Huber, Broun and Casey 
i eported that hpocaic pi evented the development 
of hypercholesteremia and atheromatosis in cho- 
lesteiohzed labbits, subsequent ini estigations 
(Veimeulen, Allen, Clark Julian and Drag- 
stedt, Vermeulen, DiagStedt, Claik Julian and 
Allen , Dragstedt, von Prohaska. Clark and 
Julian) chd not confirm this claim Wright con- 
tended, on the othei hand, that the administra- 
tion of a deprotemi7ed pancreatic extract to 
cholestei olized labbits letarded the development 
of atheromatosis and caused a sti iking transitoiy' 
lowering of the blood cholesteiol level Ludden, 
Brugei and Wright showed that estradiol dipio- 
pionate and testosteione propionate had no in- 
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fluence on the cholesteiol content of the blood 
and the aortal when given over a period of one 
hundred days However, when female rabbits 
fed cholesterol weie tieated with either of these 
substances they showed inhibition of the hypei - 
cholesteremia associated with almost complete 
absence of cholesteiol deposits in the aorta No 
such results were seen m male labbits identically 
tieated Gonadectomy did not altei the response 
of normal female rabbits, but the piotectne ac- 
tion of these substances toward cholesteiosis was 
abolished aftei castration These observations aie 
important, as atheroscleiosis and medial calci- 
nosis are m general less frequent m women than 
in men The frequency of coionary aiteno- 
sclerosis is thus four and nme-tenths times as 
great in men as in women (Levy and Boas) 
Similar percental conditions exist in regard to 
thromboangiitis obliterans, suggesting a pio- 
,tective action 1 elated to esti ogen 

The majority of experimental mvestigatoi s in 
this field have used eithei iodides, which in many 
respects resemble cyanides m then biologic and 
physicochemical action (Westphal), or thyioid 
prepaiations Iodides have been employed for 
many years m the tieatment of arteriosclerosis 
and hypertension, mainly on an empiric basis 
Numerous explanations have been advanced 
for the alleged' favorable lesults obtained clini- 
cally in patients Guggenheimei and Fishei 
stated that iodine has a vesodilative effect (See 
and Lapicque, Krause, Bogolepoff, Rose, 
Huchard, Eloy, Bloom, Kochmann, Liebe) 
This asseition was contradicted (Boehm and 
Berg, Barkan and Prikk, Orth, Eppinger and 
Hess, Freund and Konig) Some have con- 
tended that iodides decrease the volume of 
erythrocytes and thus lowei the blood viscosity, 
thereby relieving hypertension (Romberg, Mul- 
ler and Inada, Deusch and Frowem) This 
claim also was disputed (Determann and Brok- 
ing, Alwall, Buchholtz, Boruttau) Adam 
even found an mciease m blood viscosity aftei 
iodide medication Others attributed the bene- 
ficial effect of iodide on atherosclerosis to an in- 
crease in pulse volume and thereby an improve- 
ment m circulation (Lehndoiff) or to complex 
endocrine and metabolic reactions (Hildebrandt , 
Hesse, Wegelin, Wada, Mansfeld, Balkan) or 
to a direct action on the atheiomatous material 
(Ungar, Loeb) or to an effect on vegetative 
nervous centers (Schittenhelm and Eisler, Abe- 
hn, Sturm and Veil) or to an inhibition of the 
accumulation of cholesterol deposits m the 
arterial walls (Darnrau) Schottmuller, as well 
as Masmg, on the other hand, did not see any 
favorable effect from iodides in arteriosclerosis, 
while Turnei and Steinei observed eithei no 
effect on the serum cholesterol level of patients 


with vanous diseases 01 exceptionally even an 
mciease aftei prolonged mtioduction of iodides 
These conti adictoiy observations m man, 
which aie in pait evidently due to the fact 
that artenosclerotic patients vveie subjected to 
medication with iodine without 1 egard to etiology 
or type, contrast sharply with those made on 
labbits treated foi dietaiy cholesteiol atheroma- 
tosis either with an inorganic iodide (potassium 
iodide or sodium iodide) 01 with various oigamc 
iodides (Liebig, Meeker, Kesten and Jobling, 
Brugei and Fitz, Mmata and Kataoka, Seel 
and Cieuzbeig, Fuedland, Page and Bernhard, 
Turnei and IChayat, Strauss, Tumei and Bid- 
well , Masson , Page , Turner , Ungar , Thiei sch) 
All investigators found that iodides given to- 
gether with cholesteiol prevent or mitigate the 
development of cholesteiol atheromatosis Or- 
ganic iodides, especially compounds of fatty 
acids, were apparently moie effective than 11101- 
gamc compounds because they lemain m the 
blood longei than the moiganic iodides (Brok- 
ing) Then effect is apparently not dependent 
on a 1 eduction m the serum cholesteiol level, al- 
though this reaction is commonly seen aftei the 
administration of iodides Page and Bernhard, 
who used a dnodide of ncinsterolic acid, found 
in then iodide-treated series higher lipemia than 
that present m the controls which received 
cholesterol only While fatty acid-iodine com- 
pounds letain then effectiveness in thyroidecto- 
nnzed labbits (Ungar), the effect of inorganic 
iodides depends on the presence of the thyroid 
gland, for their protective action is abolished after 
the removal of this gland (Turner and Khayat) 
The complexity of these reactions is indicated by 
the fact that the favorable effect of iodides is not 
a simple metabolic oxidation effect exerted 
thiough the thyroid gland or a hypocholesteremic 
effect but is probably connected with a stabilizing 
action on the equilibnum of the plasmatic col- 
loids Inasmuch as iodide medication has no in- 
fluence on lesions once established, this type of 
theiapy is of puiely preventive and not thera- 
peutic character (Thiersch) 

A similar protective action in rabbits is demon- 
stiable when thyroid preparations aie given to- 
gether with cholesterol (Zon, Muiata and 
Kataoka , Friedland , von Balo , Menne, Beeman 
and Labby) In cholesterohzed labbits there was 
a 1 eduction oi an absence of hypei cholesterenna 
as well as an absence or a reduction of athero- 
matous manifestations In contrast to prolonged 
iodide medication, which finally failed to check 
the development of a hypei cholesteremia and 
sometimes even accentuated this reaction, the 
administration of thyroid preparations main- 
tained the hypocholestei emic effect unchanged 
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(Ttirnei and Stemei ) 1 lie inconstancy of the 

iodides in this lespect maj be attributable to the 
fact that piolonged iodine medication mav elicit 
a hypothyi oidotic, mj xedematous state following 
a pi unary hypei functional i espouse 

Leaiy and Raab 1 econimcnded as a pi actual 
measuie for the contiol ot atheroscleiosis in man 
a restnction of the dietai) intake of cliolesteiol 
tluougli a lessened consumption of btittei egg 
yolks and meat This stand appeals to be well 
taken so as fai as it concerns persons w liosc 
consumption of these substances is highly exces- 
sive and pei sons with distui bailees of the tat 
metabolism (diabetes mellitus, obesitv, essential 
xanthomatosis, psoriasis) 

Many investigators maintained that the experi- 
mental ahmentai} cliolesteiol atheromatosis of 
lablnts differs in seveial fundamental aspects 
from the human atheroscleiosis and that tlieie- 
fore no leliable conclusions can be drawn fiom 
the observations made on labbits as to the causa- 
tive mechanism and the etiologic factors of tins 
condition in man (Klotz, Duff, Hirscli and 
YVeinhouse) It is often maintained that the 
cholesterol atlieiomatosis of labbits resembles the 
lipoid spots in man or the xanthomatous v ascular 
lesions seen m essential xanthomatosis but not 
typical atliei osclerosis It is pointed out that the 
atlieiomatosis of labbits occurs only m associa- 
tion with and as a sequela of generalised lipoid- 
osis, that it is obtained only when rabbits aic fed 
ah abnormal diet, that it differs m the topograph- 
ic distribution of its lesions from the human 
variety, that the histologic structure of the ather- 
oma varies from that of the human type, that 
the same measures fail to produce similai lesions 
in carnivorous animals, that in labbits the ceie- 
bral arteries are spared, while they are often af- 
fected in man, and that the atheromas of labbits 
do not ulcerate, with development of thrombotic 
deposits 

Although it must be conceded that the lipoid 
metabolism of the rabbit differs in certain le- 
spects from that of man, this does not detiact 
from the fact that in both species disturbances o! 
the cholesterol content of the plasma are associ- 
ated with atheiomatous artenal lesions of essen- 
tially the same type Hypercholesteremia and 
instability of the plasmatic colloidal lipoidal solu- 
tion represent the common denominator foi the 
development of the organic lipoidoses and the 
vascular atheromatosis seen in the acute alimen- 
tary form of cholesterosis of the rabbit and the 
accelerated types of metabolic cholesterol distui - 
bances accompanying essential xanthomatosis, 
diabetes mellitus and hypothroidism The hematic 
and vascular reactions seen m rabbits fed small 
amounts of cliolesteiol ovei long penods aie not 


unlike those observed m man} instances of the 
oidmaiy type of human atherosclerosis It is 
lelatively immaterial as far as the immediate 
causative mechanism in man is concerned whether 
oi not an excessive alimentary intake of choles- 
terol plays a significant role in the production of 
the atheroscleiotic lesions, as there are many 
othei causes foi the imbalance in the plasmatic 
colloidal lipoidal solution 1 he evidence avail- 
able in this respect in man togetlici with the 
fact that ahmentai \ factors are appaicnth in- 
volved in the development of atherosclerosis in 
other omnivorous animals, makes such a connec- 
tion not unlikely It can scarce!} be maintained 
that at the piesent stage of knowledge of human 
nuti ition ain exact statements can be made as to 
how normal oi abnormal the diet of natural and 
piocessed foodstuffs of the average human being 
is especially if consideration is given to the dit- 
fei dices in constitution and environment, and 
as to what long range effect it exerts on the 
plasmatic lipoidal equilibrium and the status ot 
the vasculai system 

I he differences m the topographic distiibution 
of the atheromatous lesions in man and rabbits 
are evidently in part due to differences in local- 
izing static factois Hus conclusion is supported 
In lecent observations made b} Wilens, who was 
able to produce a shift of the atheromatous 
manifestations from the ascending part of the 
aorta into the abdominal part by keeping clioles- 
teioh/ed rabbits for five hours daih in an eiect 
position, mutating thcieb} the static conditions 
present in man It is hkclv, moi cover, that dif- 
ferences in the course and in the structure of the 
various arteries of man and rabbits exert a defi- 
nite influence m tins respect, as is apparent from 
observations made in man and rabbits as well as 
m other species Moschcowutz laid mam empha- 
sis on the local fixation and the external resis- 
tance of the vascular wall, which control the ex- 
pansive mobility of the vessel, as the cause of the 
localization of atherosclerotic lesions undei the 
influence of increased intravascular hydiostatic 
piessurc In support of lus thesis he pointed to 
the following obseivations 1 The earliest 
patches of aoitic scleiosis aie at oi neai the 
ongin of mtei costal vessels which fix the pos- 
tenoi wall of the aorta 2 The abdominal pait of 
the aorta, which is fixed against the spine, is 
more involved than the thoi acic 3 Dural vessels 
aie most markedly involved when lying m bone 
4 The anterioi aspect of the aorta is less in- 
volved than the postenoi, as the lattei is fixed 
against the spme 6 Radial aiteries show the 
most maiked scleiosis where they he directh 
against the radius 7 Aoitic patches appear eai- 
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best m places coi responding to uppei and lower 
bordeis of bodies of vertebrae 8 Pulmonaiy 
arteries lying against ligid bronchial cartilage 
are most involved 9 The left coronary artery, 
embedded in firmer muscle, is more affected than 
the right one 

Aschoff and many others asserted that the 
aieas around the orifices of intercostal artenes 
and at aiterial bifurcations aie exposed to m- 
ci eased mechanical strain and thus are sub- 
ject to degenerative changes which favor the in- 
filtration of plasma and the precipitation of 
cholesterol Hai rison maintained that the move- 
ments of a -\essel determine the localization of 
cholesteiol lesions in animal as well as piobably 
also m human arterial disease, since local immo- 
bility appears to render the aiea m which it is 
present less susceptible to subsequent atheioma- 
tous lesions Oberndorfei found in man no 
atheiomatosis m arteries overlying joints (popli- 
teal space), though these paits of vessels aie 
often m motion 

Ranke pointed out that lumbar loidosis de- 
veloping during life as a result of erect posture 
influences the blood current in the aoita and may 
explain the highei incidence of atheioscleiosis in 
the abdominal part of the aorta Atherosclerosis, 
according to this imestigator, involves earliest 
and most extensively those vascular regions in 
which the compensation to the hematic push- 
tension of the wall is disturbed or lowered foi 
some reason (as in the concave parts of curves, 
at bifurcations) and udieie the range of compen- 
sation is lowered The concave part of the aortic 
arch is much moi e stretched by the dislocation of 
the heart when a full stomach is present than the 
convex side Distention m width means a short- 
ening pull in length These influences mteifere 
with the nutritive current in the wall by linpau- 
mg the outflow^ of tissue lymph, and thus edema 
develops which causes tension of the fibuls, 
which m turn impairs the attachment of the 
intima to the media At such spots atheioscle- 
rosis develops The predominating location of 
atheromatosis m the abdominal pait of the aorta 
is explained by the fact that only here a sufficient 
longitudinal shift of the aorta occurs causing dif- 
fuse changes, while the nodular lesions are the 
result of abdominal pressuie exerted on the ab- 
dominal poition of the aoita by the abdominal 
uall The location of atheromas on the posterioi 
aspect of the aorta is attributable to the circum- 
stance that the aorta is not extendable m this 
region, as it is fixed to the spine (Ranke) 
Albrecht noted that the internal carotid aitery 
embedded m the petrous bone shows more fatty 
degeneiation and calcification than the common 
carotid aitery or the axillary artery Smetana 


attributed the early occurrence of atheromatosis 
m the aortic bulb to the action of a functional 
strain surpassing that of othei parts of the vessel, 
while the distribution of the vasa vasoium does 
not play a lole m this respect 

Differences m the structure of the aitenal 
walls of man and labbits, particularly in the 
thickness of the intima and m the amount and 
the distribution of the elastic tissue, probably 
exert an additional modifying influence on the 
distubution of the atheromatous lesions The 
importance of this factor is evident from the 
following statements Duff pioposed that 
cholesteiol is piecipitated at sites where the vas- 
culai w T all is altei ed, i e , where pi unary focal 
destruction of the muscle fibers or edematous 
swelling of the subendothelial giound substance 
occuis On the basis of obseivations made dui- 
mg expei nnents in which tiypan blue was in- 
jected into labbits, he contended that the pei- 
meabihty of the intima of the aoita of the labbit 
to tiypan blue is umfoim throughout and that 
the local accumulations of the dye in the aoitic 
wall are 1 elated to the distribution of the vasa 
\asoium fiom which the dye leaks out into the 
media The intensification of the dye around the 
onfices of the intei costal vessels is attributed to 
mci eased tissue lymph flow thiough these re- 
gions rathei than to slowing of it The same 
causative mechanism, it is held, accounts for the 
accumulation and precipitation of cholesterol m 
these areas 

Rosenthal, on the othei hand, favored the 
concept that slowing of the tissue lymph stieam 
m the intima with the elastic barner acting as a 
lnndiance to permeation of the media by lipoids 
is responsible foi the accumulation of the lipoids 
m the intimal tissues, but he did not piovide a 
sufficient reason foi then pi ecipitation A simi- 
lar conception w^as pioposed by Anitschkow, 
w T ho stated that the occuuence of cholesterol de- 
posits depends on geneial conditions (status of 
the blood and the nutritive fluid peimeatmg the 
vasculai walls) and on local conditions deteim- 
ining the exact site of the deposits (local injury 
of the wall caused by change in the giound sub- 
stance) The proliferative lesponses accom- 
panying this piocess he considered as secondaiy 
Pekelharmg noted that the lhythmic changes m 
the intravascular pressure with the pulse exeit 
the smallest pressure where the vascular w-all 
yields most The local loss of elasticity thus 
furnishes the focus foi intimal pi oliferation fol- 
lowing local vascular dilatation A similar con- 
cept is propounded by Dormanns and Emmmger, 
who claimed that the marked appeal ance of 
atherosclerosis m the ascending and thoiacic 
parts of the aoita in the presence of syphilitic 
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aortitis is attributable to the ioimation of local 
aoitic dilatations due to the destitution of elastic 
tissue 

Lear) stated that the hist lesions occui at 
sites of special mechanical stiess which causes, 
howevei , no injury to the ultima With the 
closing of the aortic cusps the ascending part of 
the aorta is subjected momentanlv to gieatet 
stress than any otliei pait of the aitenal system 
As the pioximal portions of the coionaiv aitcnes 
share m this stiess. this mechanism accounts for 
the selective frequenc) of scletosis in these paits 
of the coronary aitcnes A static aspect of 
atheioscleiosis and mediocalcinosis of the aitcnes 
in the lowei extiemities lcceives some suppoit 
from the observations of Man and Peters and of 
Keys and Butt, who found that on standing 
there is an increase m the lipoid and piolem con- 
tents of the blood of these v essels as w atery com- 
ponents leak thiough the -vascular walls uudei 
the influence of mci eased static picssure causing 
increased peimeabihty of the vascular walls 
Beneke pointed out that the blood flow is nor- 
mally not unifoim but whnl foimation occui s 
especiall) at cuives. oiifices of blanches and bi- 
furcations The mci eased stress entailed therein 
provides the cause foi the localization of athe- 
i omas 

While the factual observations concerning the 
distribution of atheromatous lesions at vanous 
special points of the ai tei ml ti ce are correct, none 
of the numerous 1 casons oflcied in explanation 
of the findings appears to be satisfactorv from 
a colloidochemical standpoint, and many of the 
arguments advanced chsregaid entirely the col- 
loidal aspect of the production of the lesions 
If slow blood flow and stagnation of tissue fluid 
represent an important featuie of the accumula- 
tion and precipitation of lipoids in the vasculai 
wall, it must be expected that not the aitcnes 
but the veins would be the location of atheroma- 
tosis In fact, atheromatosis is found most 
marked in those vessels in which a fast blood 
flow prevails If the distribution and the plug- 
ging of the vasa vasorum with lipoid cells aie 
of significance, again the venous walls should be 
the most frequent site of atheiomatosis, as the 
veins possess a w r ell developed network of vasa 
vasorum which extends into the intima and have 
a slow blood flow favoring the ariest of lipo- 
phages on the vasculai walls and then invasion 
of the vasa vasoium The actual distribution 
of the atheiomatous leactions is fundamentally 
different 

If the preferied sites of atheiomatous deposits 
in the artenal tiee are anal) zed fiom a hemody- 


namic point ot view, it becomes appaient that 
the) lepiesent spots wheie the unifoim blood 
flow is acuteh distuibcd, i e, where turbulence 
of the blood occui s It is obvious that at the 
base of the aoita is an area in which the blood 
is exposed to fiequent and violent vibration due 
to the recoil of the blood during the peuod of 
diastole as well as during the svstohe impact ot 
the caidiac blood on the aortic blood column 
The resulting vvlnil foimation, doubtless, is ac- 
centuated whenever the aortic wall is studded 
with small rett actions which break the marginal 
blood curienl and which arc formed as the icsult 
of syphilitic scai ring of the media T he blood 
in the pioximal paits of the coronary arteries 
is subjected to a similar mechanism when during 
svstolc the lntratm ocardial branches are obliter- 
ated b) the conti acting im ocardial tissue and 
the coionary circulation comes piacticall) to a 
temporarv standstill The blood is then piessed 
into the extrani) ocardial p.irts of the coronarv 
vessels and espcciallv into their pioximal por- 
tions, setting up thcic violent whirl formations 
Am local dilatation of the vascular wall whether 
caused anatomicallv b) abnormal focal changes 
in the wall 01 icsulting funclionalh from a one- 
sided circumscribed fixation or external icsis- 
tance, exerts a similar effect on the blood cm rent 
Natuial oi pathologic nanows of vessels, such as 
passages tin ougli bone or the presence of orifices 
of branches, bifurcations and curves, also increase 
the luibulency of the blood stieam in circtim- 
senbed parts of the ailerial tiee 

Heliwig recently pointed out that atheroma- 
tosis of the mitral valve is apparentlv due to the 
fact that the colloidal!) dispersed lipoids aie pie- 
cipitated on the ventricular side of the mitral 
leaflet because the stability of the plasmatic cho- 
lesteiol solution is disturbed bv the vigorous 
svstohe percussion of the initial leaflets, with 
piecipitation of the lipoids 1 he phenomenon 
is comparable as to mechanism to the lipoid floc- 
culation elicited by shaking m the Kahn test 
Snnilai changes were lepoiled by Hueper in 
connection with his expenments with pol) vinyl 
alcohol, which is pi capitated out of solution 
on shaking It seems leasonable to assume that 
such vibratory distuibances of the plasma are 
responsible foi the distribution of the atheroma- 
tous lesions in the vascular tree at the afore- 
mentioned sites 

The deposition of the piecipitated lipoids de- 
pends in part on such local factois and m part 
on static conditions, as the piecipitated material 
tends to settle in the dependent portions, i e 
in the abdominal part of the aoita of the full 
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giown peison This influence will be much less 
pionounced or eien absent in the young person 
in whom such static conditions are eithei non- 
existent or only mildly active The expenments 
of Wilens on cholesterolired labbits kept in an 
erect position support the soundness of this 
1 easonmg 

It is not unlikely that the diffeient physico- 
chemical conditions of the aiterial and venous 
blood particularly the differences in hydiogen 
ion concentration, may play an impoitant part 
m controlling the stability of the plasmatic col- 
loidal equilibrium and in accounting for the fact 
that atheromatosis is in general restricted to 
the aiterial part of the vasculai tree The rela- 
tions existing m this respect may be analogous 
to those influencing the precipitation of calcium 
from the plasma, as heie also the alkaline state 
■of the artenal blood favors such a process in 
the arterial wall and in the left side of the lieait 
while the more acid state of the venous blood 
tends to keep calcium salts m solution Inasmuch 
as necrotic tissue usually has an alkaline leac- 
tion and m view of the fact that cholesterol mem- 
branes m the interface of the plasma and the 
mtima or within the mtima favoi the develop- 
ment of degenerative changes in the vascular 
wall, it appears to be possible that disturbances 
of the cholesterol metabolism and of the plasmatic 
colloidal hpoidal equilibrium play an impoitant 
causal role m the production of the mediocal- 
cmosis of the penpheial arteries, particulaily 
those of the lower extremities 

The importance of a primary colloidal status 
of the atheromatogemc substances in the plasma 
for the production of the vascular atheromatous 
lesions is illustrated additionally by the fact that 
these agents when present m the plasma in non- 
colloidal dispei sion, 1 e , as a coaise emulsion, 
do not elicit foam cell mtimal reactions but for- 
eign body giant cell granulomas which especially 
affect the small vessels and capillaries of the 
lung but occasionally also other parts of the 
■\asculai tree, such as the testiculai venus plexus 
(Hirsch and Weinhouse, Hirsch, Seemann 
Merkulow , Hueper) The lung apparently acts 
here as a filtiation oigan m which the globules 
of lipoids or macromolecular carbohydrates are 
arrested and reacted on 
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COLLOIDAL PLASMATIC DISTURBANCES 
C PROTEINIC TYPE 

Distui bances of the quantitative and qualitative 
composition of the plasma proteins are present in 
a great number of diffeient diseases (myelo- 
matosis, hyperfibrinogenemia, amyloidosis im- 
mune reactions, chemoallergies, hemoglobmemia, 
nephrosis, leukemia, hepatic cirrhosis, myxedema, 
venereal lymphogranuloma, kala-azar) and aie 
artificially produced by the intravenous introduc- 
tion of homologous or heterologous protein solu- 
tions (plasma proteins, gelatin, isinglass, oval- 
bumin, azoprotems) or by the formation of 
protein complexes with aromatic substances (sul- 
fonamide compounds, Evans blue) Such dis- 
turbances may result from shifts m the ratio of 
the various plasma protein fractions without 
causing any increase in the total amount of plas- 


ma pioteins, oi fiom absolute increases or de- 
ci eases of one fraction, or fiom the formation of 
abnormal endogenous proteins (parapiotems) of 
smallei oi laigei size than the ordmaiy ones, 
or from combination of a noimal plasma protein 
with an endogenous or exogenous chemical com- 
plex, oi fiom the introduction of exogenous 
pioteins Such changes elicit definite alterations 
m the colloidal equilibrium of the plasmatic pro- 
teins and modify then stability in solution and 
then leactivity to each othei and to the pioteins 
contained in the tissues and the tissue fluids 
Among the thiee normal plasma pioteins 
(fibrinogen, globulin, albumin) which compose 
about 6 to 7 pei cent of the plasma, albumin has 
the smallest molecular weight (about 70,000) 
and the most uniform and symmetric moleculai 
shape exeits the greater part of the total colloidal 
osmotic pressure of the plasma, is least readily 
denatured, is most finely dispersed, has the largest 
electnc charge, the lowest viscosity, the greatest 
solubility and stability m solution and lepresents 
ovei 60 per cent of the total plasma piotem 
Globulin, which like albumin noimally has a 
round-shaped molecule, has a moleculai weight 
of about 120,000, is moie asymmetiically built, 
more labile in solution, more viscous, exerts less 
colloidal osmotic pressure and occurs m three 
varieties, alpha, beta and gamma Fibrinogen has 
a fibrillar molecule, represents about 5 per cent 
of the total plasma protein and has the laigest 
molecular weight Alpha globulin combines with 
ceitam caibohydrate gioups to form mucoglobu- 
lms (Cohn) The plasma proteins occui in the 
plasma in a hydiated form , l e , by adsoiption or 
hv dration they have taken up water and thus 
have increased their molecular size consideiably 
(Bennhold) The degree and the type of col- 
loidal dispersion of the different plasma proteins 
may vary considerably, depending on the asso- 
ciated physicochemical conditions of the plasma, 
and are not reflected by the albumm-globulin 
latio (Melmck) 

In the hypopi oteinenna chai actenzmg lipoid 
nephrosis fibrinogen and alpha and beta globu- 
lins are increased, while gamma globulin and 
albumin are decreased In febrile conditions 
mainly alpha globulin is increased Immune 
reactions are associated with hyperprotememia 
caused particularly by increases in gamma globu- 
lin Some antibody globulins (horse, pig and cou r 
antipneumococcus euglobuhns) may assume enor- 
mous sizes through polymerization of smaller 
units (molecular weight of about 900, (XX)) and 
exist close to their isoelectric point (Heidelber- 
ger) Antibody globulins belong to the gamma 
\ ariety, from which they may diffei by the way m 
which the polypeptide chain is lefolded or recoiled 
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(Pauling) Hypeipi oteinenuu of immune 01 othei 
genesis is associated with inci eased plasma vis- 
cosity and acceleiated eijthrocytic sedimentation 
and, in seveie cases, with pseudoagglutination of 
erytlnocytes (Vignati and Rauchenbeig, Foord 
and Randall, Teghers and Selesnick, Kiacke and 
Hofhnan) 

Myelomatosis — The most sti iking example of 
plasmatic pioteimc imbalances is found in the 
quantitative and qualitative abnoimahties of the 
plasma piotems occuiimg m myelomatosis (Slur- 
er, Duncan and Iiaden , Jacobson, Cantaiow, 
Kagan) Bing stated that m\elomatosis is the 
most fiequent cause of seveie hyperprotcmemia 
Schumachei , Williams and Coltrin observed 
hyperproteinemia m 23 39 per cent of their cases 
of myelomatosis, Fellei and Fowlei, in 9 of 52 
cases Accoidmg to physicochemical and im- 
munologic studies (Kabat. Mooie and Gutman, 
Gutman, Mooie, Gutman McClellan and Kabat, 
and Kekwick), tlncc different t\pcs of mjeloma- 
tosis can be distinguished on the basis of the pat- 
terns of the plasma piotein changes In one t\pe 
the gamma globulins aie mainlv inci eased, m the 
second type the beta globulins aie elevated, while 
in the third a normal ratio prevails 

In addition to these quantitative deviations m 
the total plasma piotems and then individual 
nounal fractions, there occurs m myelomatosis 
m 65 to 80 per cent of the cases (Gesclucklei and 
Copeland, Magnus-Levy, Apitz) an abnormal 
protein, the Bence Jones protein, which coagu- 
lates when heated to 65 C , has a molecular weight 
of about 35,000 to 40,000 and may combine 
chemically with pseudoglobuhns and other pio- 
tems (Mahle, Seed and Welkei ) The investiga- 
tions of Bayne-Jones and Wilson and of Robin- 
son have shown that this abnoimal endogenous 
piotem is antigenic It is excieted with the uime 
and may form casts in the lenal tubules by being 
precipitated out of colloidal mixtuies by coaceiva- 
tion Protein ciystals are not infiequently found 
in the renal tissue (Abukosoft and Wulft , Gunn 
and Mahle) 

The thud type of pioteimc plasmatic abnoi- 
mality occurring m myelomatosis is repiesentecl 
by the occasional appeal ance of a hypermacio- 
molecular, highly viscous globulin of a moleculai 
weight between 162,000 and 200,000 (von Bons- 
dorff, Groth and Packalen, Shapiro, Ross and 
Mooie, Perlzweig, Deliue and Gesclncktei , 
Bing, Wintrobe and Buell) This protein on 
chilling settles out from the plasma in the lower 
layer and when dropped into distilled water pie- 
cipitates m floccules When heated to 71 C it 
coagulates Its presence in the blood is usually 
associated with cnculatoiy distuibances Bell 


found a highly viscous globulin plugging the 
glomeiulai capillaries m cases of myelomatosis 
Perlzweig, Delrue and Gesclncktei pioposed that 
tiie hypeipiotcinenna associated with myeloma- 
tosis may possibly be a systemic response to pro- 
ti acted intoxication with a foreign protein, consid- 
cnng Bence Jones protein as a foreign protein 
In the light of these findings it is considered 
significant that myelomatosis is often associated 
with the occurrence of a proteinosis, amyloidosis 
(Volland, Apitz, Rosenblum and Kirshbaum, 
Magnus-Levj , Chester, Rosenblatt, Rosenheim 
and Wright, Randall) 

Nonmjlammatoi y Vascitlai Reactions (a) 
H}ahnosis Three tvpes of interstitial or con- 
junctival pioteimc deposits are encountered in 
vasculai walls, name]}, ani}Ioid, lnaline and 
fibrinoid There are definite relations between 
these three substances according to their behavior 
with certain metachiomatic stains (Letterer, 
Dietrich) Locschke consideied interstitial hv- 
nline substance as a product of precipitated pro- 
tein which has a globulin-like character (Muller) 
becomes adsorbed to collagen fibrils and shares 
with amyloid and fibnnoid the quality that it is 
the result of a deposition of concentrated protein 
gels (Dietrich) which infiltrated as sols from 
the blood (Amtsqhkow ) Loeschke proposed that 
in arteriosclerosis a precipitin protein is de- 
posited on the endothelium which is formed b> 
the mtei action of an antigenic protein with an 
antibody globulin, combining to an insoluble 
piotem and precipitated as a hyaline substance 
Aim loid represents, accoi ding to Loeschke, only 
a special vanety of hyaline substance If the 
antibod} formation predominates under such cir- 
cumstances the site of protein precipitation is 
neai the location where the antibodies are pro- 
duced When, on the other hand, the antigen 
pi edommates, the site of piotem precipitation m 
the tissues where the antigen is elaboiated oi 
leleased is of minor magnitude, as the antigen 
enters the blood and precipitation then occms 
eveiywheie m the vascular system If there is 
an ovenvhelmmg predominance of the amount of 
antigen ovei the quantity of antibodies available, 
the pi ecipitation of the protein complex takes 
place mainly at the site of the antibody produc- 
tion in the spleen and the reticuloendothelial sys- 
tem Hyalin is formed at places where aiteno- 
scleiotic nutritive disturbances cause a degrada- 
tion of tissues As lipoids aie often in some wa} 
bound to piotem, they aie piecipitated with the 
hyalin and thus become embedded into the hya- 
line and amyloid matter While a part of the 
hyaline deposits in aitenoscleiotic vascular walls 
may be attnbuted to a summation of the deposi- 
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tion of hyaline mattei occurnng dui mg the 
course of life as a reaction to various diseases 
passed through, another part of the hyaline sub- 
stance may be geneiated in response to specific 
factors, probably lepiesentmg proteinic con- 
stituents of the blood 

The resemblance of hyaline and amyloid vas- 
culai deposits is shown by then reactivity to 
certain stains and by their local distribution m 
the vascular walls Both substances occur m non- 
inflammatory, chronic degenerative types of vas- 
cular lesions These substances, as well as the 
processes leading to their deposition, therefore 
lack irritative and toxic pioperties The vascu- 
lai lesions elicited by them aie similar to those 
caused by other nontoxic proteins, such as gelatin 
and ovalbumin, and diffei maikedly from the 
inflammatory vascular reactions in which fibrin- 
oid deposits are observed and in which more or 
less acute neciotizing toxic influences prevail 
Immune or alleigic reactions play apparently a 
significant role in the production of both types 
of lesions and their underlying 01 associated 
plasmatic colloidal proteinic disturbances 

(b) Amyloidosis The development of the pro- 
teinosis amyloidosis not only is charactenzed by 
the presence of certain hematologic reactions 
(anemia, acceleration of erythrocytic sedimenta- 
tion, increase in viscosity of serum) but is ac- 
companied by more or less marked hyperpro- 
tememia and especially hypeiglobuhnemia, which 
may become occasionally so excessive that the 
globulin portion of the plasma will separate from 
the nonglobuhn part on standing (Bmg, Eklund 
and Reimann , Reimann, Koucky and Eklund , 
Magnus-Levy, Moigenstern) This disease, 
which usually appeals m man m connection with 
chronic suppurative conditions or disorders asso- 
ciated with protein wastage or with disturbances 
of protein metabolism (osteomyelitis, chronic 
tuberculosis, syphilis, lymphogranuloma,, mye- 
loma), leads to extracellular and mtracellulai 
deposition of a complex proteinic substance 
(amyloid) (Cohen, Danisch, Wilier), especially 
in and around vascular and capillary walls (Hass 
and Schulz) As amyloidosis has been produced 
experimentally in animals by repeated and pro- 
tracted parenteral mtioduction of certain foreign 
proteins — for example, in hoises used for the 
pioduction of antiseium (Arndt, Doerken, Reit- 
stotter), rabbits, mice and others — or by feed- 
ing an unnatural proteinic diet ( Jaffe , Grayzel, 
Jacobi, Marshall, Bogin and Bolker , Kuczmski , 
Ku and Simon, and others), amyloid has been 
related to excessive formation of a normal or an 
abnormal antigen-antibody complex (Letterer, 
Loeschke , Primgaai d , Lucke and Markley , 


Koletsky and Stechei) or has been considered 
to be the lesult of a reaction of hypersensitivity 

Amyloidosis has been seen m man also m con- 
nection with chronic poisonings by lead, manga- 
nese and alcohol (Celh, Butt, Isiael) It may 
be mentioned m this connection that the investi- 
gations of Ehrstrom have shown that a mixtuie 
of serum with chondroitm-sulfunc acid appar- 
ently precipitates albumin, causing thereby a 
relative increase of the serum globulin fraction 
Murata and Yoshikawa observed that amyloid 
is deposited in rabbits given injections of, or fed, 
silicic acid, at sites where the silica accumulates 
m the tissues and undergoes a change from a sol 
into a gel, thereby showing that the physicochemi- 
cal conditions ( p n ) of the tissue play a significant 
lole in the distribution of amyloid (Morgen- 
stern) Regardless of the primary or the secon- 
daiy nature of amyloid, this proteinic matter is 
always deposited m the wall of the small and the 
medium-sized arteries of the various organs 
(heait, kidney, tongue and other organs) 
(Stiauss, Bmfoid, Koletzky and Steelier, Pear- 
son, Rice and Dickens, Bell, Perla and Gross, 
Dillon and Evans) In some cases the aorta is 
also involved by medial nodular amyloid deposits 
This pi otemic condensation product, which usual- 
ly contains 5 to 6 per cent of cholesterol, resem- 
bling therein the aiteriolar subendothelial hyaline 
deposits with their hpoidal content, involves the 
subendothelial space and the media, where it 
spieads in between the muscle cells in homo- 
geneous branching structures which ultimately 
merge into a solid mass under atrophy of the 
muscular elements (Peters) In large artenes 
the amyloid occupies in general the outer part of 
the media and the adventitia, whence it extends 
into the vascular wall along the amyloidotic vasa 
vasorum The walls of the smaller vessels are 
highly thickened, and then lumens are usually 
considerably nai i owed 

While M B Schmidt and also Leupold 
claimed that a piecursor of amyloid circulates in 
the blood and penetrates from there into the vas- 
cular walls, Letteiei suspected that the pieamy- 
loid substance is formed extravascularly and is 
precipitated in the vascular walls while passing 
tin ough these tissues on its way to the blood 

Dick and Leiter observed in 12 per cent of 
labbits given injections of various bacterial cul- 
tuies medial necioses, calcifications and athero- 
matosis of the aorta m addition to widespiead 
amyloidosis This incidence represents, accord- 
ing to these investigators, six times the noimal 
incidence of aortic lesions 

Hueper recently produced m dogs vascular 
lesions that were comparable in some respects by 
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injecting laige amounts of solutions of foicign 
proteins, namely, gelatin and ovalbumin, intia- 
venously ovei long penods Dogs given solutions 
of ovalbumin or of an ammoantipyrme azocom- 
pound of ovalbumin had in the mtima of the 
aorta and its branches hydiopic mononucleat cell 
infiltrations, fibroblastic loose cushions and hya- 
line thickenings and in the media focal hyalmi/a- 
tion and calcification Some of the renal artei loles 
and small arteries exhibited thickened and locally 
hyalinized nails with piolifeiation of the endo- 
thelium 

The aortas of the dogs given solutions of 
gelatin, which elicits in the blood pseudoaggluti- 
nation of the ery throcytes (Parkins, Koop, Riegel 
Vars and Lockwood) and behaves in some re- 
spects like globulin (Brunscbwtg, Scott, Corbin 
and Moe), displayed extensile edema and hya- 
linization of the ultima with fine gianulai calcium 
deposits m the thickenings and in the internal 
elastic membranes, as well as large hyahni/ations 
and marked edema of the media The walls of the 
renal arteries and arterioles were vacuolated and 
edematous, and medial by alinization and intunal 
hyaline thickenings were found in some instances 
(Hueper) Some of the aitenoles were occluded 
by hyaline masses infiltrating the walls and con- 
taining irregularly arranged and shaped nuclei 

In this connection brief mention may he made 
of an observation recorded during the com sc of 
a toxicopathologic study of animals given injec- 
tions of Etans blue (Hueper and Ichmowski) 
Eight molecules of this dye combine in the blood 
with one molecule of albumin, forming thereby 
a complex having the physicochemical chaiac- 
teristics of globulin (Raw son, Gregersen and 
Rawson) The dye is retained in the aortic wall 
and in other organs, particularly the testes, the 
teeth and the cartilage, over periods of more than 
six months The aortas of dogs thus treated 
revealed small foci of intunal hy'ahnization, while 
the renal glomeruli of rabbits exhibited exten- 
sive hyalinizations However, it is still uncertain 
whether or not the disturbance m the chaiacter 
of the serum albumins has any causal relation to 
these vascular manifestations A similar binding 
of sulfonamide compounds to plasma albumins 
(Davis, Schonholzer) may be involved in the 
appearance of medial hyaline degenerations and 
calcifications of the aorta and the pulmonary and 
coronary arteries of rats following the adminis- 
tration of these chemicals (Endicott, Kornberg 
and Daft, Lehr, Antopol, Churg, and Spring, 
Daft, Ashburn, Spicer and Sebrell , Ashburn, 
Daft, Endicott and Sebrell) It is problematic 
whether or not extensive calcmotic degenerative 


aoitic lesions in mice painted with methylcholan- 
threne and fed a cystine-deficient diet are of 
sinnlai genesis (White and Mider, White, 
Midei and Heston), 01 whethci nutritional or 
Mtannn deficiencies or metabolic disturbances 
play a causal lolc 
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Inflammatory Vascular Reactions — (a) Al- 
lergy During the preceding discussions the 
occurience of inflammatory, fibunoid, necrotiz- 
ing lesions affecting mainly the small and the 
medium-sized artenes has been repeatedly men- 
tioned in connection with, and as complications 
of, vasotonic as well as hydrostatic arteno- 
scleiotic changes It was pointed out on these 
occasions that apparently supei imposed allergic 
conditions aie responsible for this type of leac- 
tion In view of the fact that these manifesta- 
tions aie accompanied by an infiltration of the 
vasculai Avail by plasmatic matenal, giving rise 
to fibunoid deposits, it appeals likely that the 
mflammatoiy and neciotizmg variety of vascular 
change occurs in association with plasmatic 
colloidal pioteinic disturbances of allergic- 
h\pereigic nature when the immune bodies 
formed during these processes possess toxic 
properties The hyperprotememia occuinng 
during immune conditions is charactenzed by an 
increase in fibrinogen and globulin (Schitten- 
helm) and is associated with colloidoclastic 
leukopenia, thi ombopema, eosmophilia, a length- 
ened clotting time and an accelerated rate of 
sedimentation of the erythrocytes during acute 
crises of the immune state (allergic or anaphy- 
lactic shock) Such reactions are apparently le- 
lated to the degree of dispersion of the intei - 
reacting colloidal pai tides, as colloids consisting 
of highly dispersed small particles are less 
reactive than those with coarse pai tides 
(Klopstock) 

Numerous obseivations connect allergic re- 
actions with the development of degenerative 
arterial disease Claims to this effect have been 
advanced repeatedly in regard to various vaso- 
spastic conditions (thromboangiitis obliterans, 
angina pectoris, reactions suggesting Raynaud’s 
disease, malignant hypertension) caused by en- 
dogenous or exogenous physical and chemical 
agents, such as foodstuffs, nicotine, pollen, drugs 
and cold (Vaughan , Davison, Thoroughman and 
Bow cock, van Creield, Werley, Sullivan and 
Vaughan , Krauspe , von Eiselsberg , Gaensslen , 
Lichtwitz, Schmidt, Conti, Dattner, Kam- 
merer) Joynei and Sabin reported that m cei- 
tain allergic conditions the permeability of the 
capillary endothelium is reduced, preventing the 
removal of colloidal nontoxic dyes, while Klinge 
pointed out that anaphylactic shock can be pre- 
vented by the intravenous injection of colloidal 



210 


4RCIIIJ ES 01 PATHOLOGY 


dyes as long as these remain in the colloidal 
state but not aftei they have piecipitated in 
granulai form These obseivations on the in- 
volvement of colloidal phenomena m the pio- 
duction of alleigic leactions aie significant in 
view of the fibnnoid deposits found in the 
aitenal subendothehal space in hypereigic reac- 
tions, wlieie they may give use to the foi illa- 
tion of parietal thiombi, a complication espe- 
cially important in the coronary arteries ( Stenn , 
Horn and Finkelstein, Schlossmann) 

The cncle of the recognised 01 alleged 
allergic aitenal diseases in recent yeais is 
rapidly widening, not only in the number of 
reported cases but also in the numbei of causa- 
tne agents Alleigic aitentic changes occumng 
in connection with chionic infectious diseases, 
such as tuberculosis, streptococcic infections 
(Swift, Denck and Hitchcock, Siegmund, 
Stiang and Semsroth , Semsroth and Koch, 
Karsner) and particulaily rheumatic fevei 
(Klinge, Junghanns, Masugi , Vaubel, Klinge 
and Vaubel, Abnkosoff, Gneshammer, Chian, 
Coombs , Metz , Liebei , V on Glahn and Pappen- 
heimei , Beneke , Abrikosoft and Rudik , Wat- 
jen , Klotz, Geipel, Schulz and Klmge, Gioss 
ICugel and Epstein, Karsner and Bay less, von 
Santha, Fossel, Pappenheimei and Von Glahn, 
Kugel and Epstein , McClenahan and Paul , 
Siegmund, Pei la and Deutsch Giai and 
Aitken , Gegenbach) have figured prominently in 
this lespect Seium reactions and hypersensi- 
tivity responses to therapeutically administeicd 
sulfonamide compounds ha-\e enteied moie re- 
cently into this field (Clark and Kaplan, Rich, 
Longcope), while a thud group is composed of 
diseases with causes evidentlv various or un- 
known but suspected to be of allergic nature, 
such as periarteritis nodosa, tin omboangntis 
obliteians, isolated pulmonary sclerosis and 
temporal artentis (Rossle, Jagei) Theie aie 
thus hyperergic vasculai reactions conditioned 
by general sensitizing processes and those of 
local charactei, which, howevei, may be of gen- 
eral sensitizing nature but which are locally 
elicited by superimposed inflammatory piocesses 
(Abnkosoff) 

The hyperergic reactions of the coronary and 
myocardial arteries and arterioles are associated 
with marked endothelial proliferations encroach- 
ing on the lumens, fibrinoid masses in the sub- 
■endothelial spaces, considerable edema and dis- 
placement of the muscle by connective tissue in 
the media, histiocytic, lymphocytic and giant 
cell infiltration of the interstitial tissue and peri- 
vascular collars of histiocytes, plasma cells and 
lymphocytes (Junghanns, Klinge, ICneppei and 


Waaler , Vaubel , Masugi) Pei n ascular granu- 
lomas of the coionaiy vessels are found most 
frequently in the papillaiy muscle of the wall of 
the left \cntncle and in the annulus fibrosus 
(Junghanns) Similar changes are encountered 
in the walls of the aoita, the pulmonary artery 
and its branches, and the lenal, hepatic, cerebral 
and othei large and small ai tones (ion Santha, 
Stenn) Thrombi with subsequent organization 
and hemorihages aie seen in moie acute condi- 
tions The end lesult of such lesions is hyaline 
sclerosis or a ascular obliteration by endarteritis 
The chionic lesions in the stage of healing m 
which the inflammatory processes ha\e subsided 
lesemble closely those seen in other cicatricial 
types of arlerioscleiotic changes (Chian, Iian- 
not , Schmitt , Jager) 

The hypciergic nature of the arterial reac- 
tions, resembling periartentis nodosa, which 
weie seen by' Rich in 4 patients who had been 
treated with sultonamidc compounds, with or 
without injections of lioise or labbit immune 
serum is supported by obsenations recently 
made by French and W cller, who found in the 
hearts of 126 patients who came to autops\ 
aftei treatment w ith sulfonamide compounds 
eosinophilic leukocy tic infiltrations of the my ocar- 
diuin together wutb myocarditis Similar m\o- 
cardial reactions could be elicited by Fiench and 
Wellei in mice given mtraperitoneal injections of 
azosulfanude, sulfanilamide, sodium sulfapvndme 
and sodium sulfatluazole Rich and Gregory 
reproduced in rabbits aitentic lesions of the 
pei mrtentis nodosa type imohmg the heart, 
liver, kidneys, adi enal glands testes, lungs, spleen 
and pancreas by injecting lioise serum and 
sulfadiazine Sunilai changes were observed 
by Clark and Kaplan in 2 patients who died 
fiom seium sickness aftei an injection of lioise 
serum Aitentic lesions of the same tyqie (peri- 
vascular gianuloma, fibrinoid swelling of the 
wall, neciosis, cellular infiltration, endothelial 
piohfeiation) were pioduced in animals by in- 
jections of foieign protein by numeious mvesti- 
gatois (Rich and Gregory, Vaubel, Apitz, 
Junghanns, Takeda, Masugi, Sato and Todo, 
Ceroh , Hemlem , Heinlein and Muschalik , 
Rmtelen, Migounov, Knepper and Waalei , Fo\ 
and Jones, Steelier) Vanations in extent and 
degiee in the leactions observed by' the different 
investigators may be related to the fact that 
serums of different species w'eie used in difteient 
animals Longcope called attention to the fact 
that normal and immune seiums differ in anti- 
genic properties depending on species Prac- 
tically' identical liiflammatoiy neciotizmg arterial 
reactions were elicited in animals by' lepeated 
injections of bacterial cultures ot vaccines, 
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especially of streptococci (Metz, Masugi and 
Isibasi) 

( h ) Penartei ltis Nodosa The incidence of 
periarteritis nodosa has undergone in recent 
decades consideiable changes While the ma- 
jority of cases lepoited during the past centuiy 
were leported individually, largei senes of cases 
liaie been placed on lecord in the last foui 
decades (von Balo) Von Balo and Nachtnebel 
noted in 1929 that the majority of cases on 
lecord weie reported fiom Germany (Giubei , 
Jager, Monckeberg, Gohibrandt, Wohlwill, 
Bienner, Kimmelstiel), with small numbers of 
cases being published m England, the United 
States, Australia and a few of the smaller 
countries While Germany still seems to occupy 
the leading position, an astonishingly lai ge num- 
ber of cases have been reported from this country 
during recent years, of which only a few aie 
listed here (Lund, Fitz, Paiks and Branch, 
Malamud and Fostei , Berger and Weitz , David- 
sohn , Banowitch, Polayes and Charet , Allen , 
Coe, Reisman and DeHoff, Blaisdell and Poi- 
ter, McCall and Pennock, Motley, Felsen, 
Lebovich and Hunt, Jones, Weit, Wevei and 
Perry, Haining and Kimball, Hams, Lynch 
and O’Hare) Jones collected in 1939 a total 
of 101 cases recorded in the English hteratuie 
The disease affects persons of all ages and 
small and laige vessels, irrespective of the 
piesence of vasa vasorum (Lange) Of a total 
of about 230 patients whose cases were reported 
up to 1937, 32 (13 9 pei cent) weie children 
(Coe, Reisman and DeHoff) The mesenteric 
(Haining and Kimball) and renal vessels were 
apparently most often affected (80 pei cent of 
the cases, Arkin , 100 per cent, McCall and Pen- 
nock), and nephrosclerosis, therefore, often 
accompanied the disease Periai teritis nodosa 

mav affect the vessels of individual organs only 
—for example, pulmonary vessels ( Stei nbei g , 
Rossle) or renal vessels (Hausei) — oi may 
involve piactically the entire arterial and some- 
times also the venous system In view of the 
frequently acute character of the aitentic proc- 
esses multiple aneurysms are often present The 
disease, which often appears after acute mfec- 
tions, usually takes a relatively rapid and fatal 
course, but some patients survive foi seveial 
'ears, and occasional ones are cured The 
disease occuis also m animals — cattle (Hoog- 
a nd, Guldtier, Nieberle), hogs (Joest, Joest 
a nd Harzer , Hoogland, Henschen, Niebeile), 
deer (Lupke, Jager) and dogs (von Balo) 
''osmophiha of the blood is often observed and 
Is s °metimes marked 

Attempts aimed at the isolation of specific 
causative agents from the tissues and the blood 


of affected persons have failed (Gohrbrandt, 
von Hann) The claim made by von Hann as 
to the expei imental reproduction of the disease 
in guinea pigs given injections of blood from a 
patient is based on a misinterpretation of normal 
conditions in the lungs of guinea pigs (Lemke) 
Selye and Pentz recently advanced the theory 
that periai teritis nodosa, rheumatic arteritis and 
nephioscleiosis may be causally i elated m part 
to abnormal and probably excessive adaptive 
responses of the adienal cortex 

( c ) Temporal Aiteutis It is likely that the 
giant cell chronic ai teritis of the tempoial artery 
belongs to this complex of allergic aitenal reac- 
tions Chasnoff and Vorzimei considered it a 
local manifestation of a systemic disease usuall) 
ending aftei a number of months m recoverv 
but occasionally causing death The lesions in 
the tempoial aitenes differ histologically suffi- 
ciently fiom those seen in periarteritis nodosa 
and rheumatic arteritis to make them a distinct 
entity The changes, howevei , are not limited 
to the tempoial artenes but occur also in the 
carotid, cential retinal, cerebral, occipital and 
tadial arteries Similar giant-cellulai neciotiz- 
mg gi anulomatous medial changes affecting the 
aorta, the blanches of the aoita and their 
blanches have been seen by Gilmour in 4 cases 
Spioul and Hawthorne repoited similar lesions 
in the aoita and the iliac aiteries of 2 patients 
Hoyt, Perera and Kauvar and alsb Weiss re- 
corded cases of temporal arteritis and the changes 
considered as common local manifestations of a 
geneialized arterial disease Additional repoits 
dealing with temporal artentis have been made 
(Horton, Magath and Brown, MacDonald and 
Moser, Bowers, Dick and Freeman, Jennings, 
Bam , Horton and Magath , Sprague and Mac- 
kenzie), making a total of 21 cases The dis- 
ease usually involves elderly persons, moie often 
those of the female sex The lumens of the rigid 
vessels are narrowed or obliterated by piohfera- 
tion of the mtima The media is invaded by 
monocytes and replaced m parts by a granulom- 
atous tissue containing giant cells Thiombi 
occur occasionally Aneuiysmal sacs may arise 
m the media 
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HEMATIC ANOXEMIA 

Agents that cause the production of meit 
lemoglobm derivatives, such as methemoglobm, 
carbon monoxide-hemoglobin and sulfmethemo- 
gtabin, which lack the oxygen-carrying power of 
normal hemoglobin mteifere, with the propel 
^Mgenation of the vascular wall and may theie- 
3X give rise to the development of degenerative 
e ranges in the vascular wall Inasmuch as man} 


of these agents exeit also a vasotonic effect, then 
arteriosclerotogemc action is based on the sum- 
mation of two different causative mechanisms 
Agents of this type aie caibon monoxide, nitrites 
and sulfonamide compounds It is likely that 
the medial necrosis m the aortas of rabbits pro- 
duced by Loewe, Jurgens and Noltemeier by the 
intravenous injection of chloramine and by 
Mancke and Dioop by the oral administration of 
foimaldehyde oi formaldehyde sodium bisulfite 
is m pait a result of the formation of methemo- 
globm A similar mechanism was pi obably active 
in the pi oduction of medial neci oses in the 
arteries of rabbits following the intravenous injec- 
tion of chloropicrm and benzoyl peroxide (Mul- 
lei ) and of hydrogen peroxide, magnesium per- 
oxide benzoyl peroxide, acetylchloroammonium 
benzol hydi oqumone, qumone and methyl- 
thionme chloride (Rieder, Siebeit), and after 
the pei cutaneous application of toluene sulfodi- 
chloioatnide, dichloroanudobenzoic acid acetyl- 
chloioammobenzol and chloroanndo cai borne 
ethyl estei 

A similar hematic effect on the oxygenation of 
the vascular walls occurs if the blood is not com- 
pletely saturated with oxygen while passing 
through the lungs because of reduced atmos- 
pheric oxygen pressuie Campbell, as mentioned 
before, reported that animals kept for seveial 
weeks in an atmosphere with greatly reduced 
oxygen tension showed mtimal thickening of 
their pulmonaiy arterioles However, a greatly 
increased oxygen piessure of the atmospheric air 
also mteifeies with adequate oxygenation of the 
tissues by causing an imbalance between the 
cai bon dioxide and the oxygen tension in the tis- 
sues and an accumulation of carbon dioxide in 
the tissues and by eliciting theieby hyperoxemic 
hypoxidosis (Stiughold, Gsell, Bean and Bohr, 
Hmshaw' and Boothby) This mechanism is in 
pait lesponsible foi the mtimal thickenings of 
the pulmonary arteries observed m rats subjected 
for more than twenty-four days to inhalation of 
compressed ail with an oxygen tension of 635 
mm of meicury (Bennett), and such distur- 
bances m the carbon dioxide-oxygen balance of 
the blood and tissues are associated also with 
i asculotomc reactions which accentuate the 
hematic anoxemic aiteriosclerotogenic effects 
These anoxemic reactions are, moreover, respon- 
sible foi the development of myocardial degenera- 
tions m oxygen poisoning (Kaunitz) 

HEMATIC ANOXEMIA 

Droop, H Experimental Untersuchungen an Kaninchen 
uber die Stoffwechselgenese der Artenosklerose und 
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PREVENTIVE AND 1IIERAPEUITC ASPECTS 

In Ins lecent tieatise on vasculat scleroses 
Moschcowitz came to the conclusion that 

unless the indn idual is cut dow n b\ intercurrcnt 
disease, death is invariably the result of arteriosclerosis 
It is the inevitable destiny of all creatures who possess 
a cardiovascular system with intravascular pressure 
Arteriosclerosis being an inevitable consequent 
of ageing and therefore an irreversible process, it is 
hardly likely that anv method of therapy will ever be 
discovered which wall restore the diseased vessels to 
their normal texture, unless we can cure mortality Nor 
can arteriosclerosis be prevented, no more than gray 
hair or facial wrinkles 

This fatalistic attitude based on the unrestncted 
acceptance of the old age theoiy of aitenoscleiosis 
finds its equivalent in and has as much merit as, 
the one piopounded by the ptoponents of the old 
age theory of cancel, who are equally emphatic 
in their dictum that cancer is the ultimate cause 
of death of all peisons living sufficiently long It 
was pointed out recently by Huepei that theie 
exists a sufficient amount of lehable and valid 
evidence showing that cancer is not an obligatory 
outcome of senescent tissue changes but is a reac- 
tion to abnormal exogenous and endogenous fac- 
tors of physical and chemical nature It must be 
equally clear from the experimental and clinical 
data piesented here that also arteriosclerosis m its 
various types is essentially not an old age disease 
but a condition bi ought about by various 
exogenous and endogenous agents and influences 
acting on the blood and the vessels during the 
major pait of life and independent of any senes- 
cence piocess Cancer and aitenoscleiosis are 
definite disease phenomena and not physiologic 
or pathologic manifestations of old age They 
are for this leason amenable to preventive and 
therapeutic measuies The fact that the means 
at present at one’s disposal are defective and m 
part irrational does not detiact from the validity 
of the foregoing statement but should provide 


lnspiiation for the development of improved 
measures 

It is felt that the pieceding presentation deal- 
ing with the numeious causes and the different 
causative mechanisms and their related anatomic 
vascular manifestations furnishes an adequate 
basis for the development of rational diagnostic, 
preventive and therapeutic methods The evi- 
dence piesented, however, definitely indicates 
that there is no single appioach to this problem 
which will be equally effective lot the preventive 
and the therapeutic management and the diag- 
nosis of the different types of degeneiative and 
sclerosing vascular lesions 

The diagnostic methods and the therapeutic oi 
pieventive measuies needed foi the demonstra- 
tion and the treatment of the hematic changes 
undei lying and preceding the development of 
the vasculai reactions caused by colloidal plas- 
matic disturbances will be different from those 
indicated for the discovery and the therapy of 
the functional and the anatomic vasculai and 
oigamc reactions associated with arteriosclerosis 
on the basis of vasotonic and hydrostatic factors 
In planning the conti ol of these vascular diseases 
consideiation must be given to the facts that ar- 
teriosclerosis is a disease complex that starts its 
anatomic development during middle adult hie 
and that all therapeutic measures are utterl) 
incapable of restonng an arterial sj stem with cica- 
tricial arteriosclerotic lesions in which the func- 
tioning elastic and muscular elements of the vas- 
cular wall are replaced by nonfunctioning fibrous, 
hyaline and calcified matter to its oiigmal state 
of functional and anatomic integnty Only in the 
earl) stages of the disease can it be cured while 
in advanced stages meiely its furthei progress 
can be ai tested or impeded (Plesch) It is per- 
tinent, theiefoie, that any preventive measures 
must be staited at a time when theie aie only 
functional vascular or hematic changes present, 
i e , during the early part of adult life It should 
be equally cleai that effective diagnostic supervi- 
sion and preventive management of the patient 
should from then on extend ovei the lemaimng 
pait of life if sickness, disability and death fiom 
artenoscleiotic disease is to be avoided oi to be 
appreciably limited 

While it is beyond the scope of this piesenta- 
tion to deal m detail with the pievention and the 
therapy of artenoscleiosis it seems advisable to 
indicate the general lines of approach by which 
this goal might be achieved as they appear from 
this investigation Measures dnected at the pre- 
vention of the deposition of lipoid material in the 
artenes must aim at keeping the plasma choles- 
teiol level within the lower part of the normal 
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range 01 , if that is not possible because of some 
unconti ollable factor, at impioving the stability of 
the colloidally dispersed cholesterol so as to pre- 
vent its pi ecipitation m and on the vasculai walls 
The reduction of the cholestei ol level of the plasma 
may be attained by limiting the alimentary intake 
of cholesterol-containing foodstuffs (Tuohy , 
Leary) and by administering blood choles- 
terol-lowering agents, such as, especially, thyroid 
prepaiations and, in diabetic conditions, pos- 
sibly, lipocaic m conjunction with insulin The 
stabilization of the cholestei ol sol in the plasma 
at a safe level may be accomplished by the oial 
introduction or the parenteral injection of pep- 
tizing agents which increase the colloidal disper- 
sion of the cholestei ol and tliereb} r lower its pie- 
cipitabihty It is possible that the favorable effect 
seen fiom the use of thiocyamdes and iodine 
compounds of fatty acids (diiodine ricmsteai- 
olate) m experimental cholesterol atheromatosis 
depends on this mechanism Consideration should 
be given m this lespect also to the lecithin and bile 
acid content of the plasma The moie difficult 
pioblem of a rapid and effective mobilization of 
lipoid material m the atheiomas and its removal 
with the blood, which is especially important m 
atheromatosis of the coronary artenes, may pei- 
haps be approached by applying in vivo the 
methods used m ordinary life for the removal 
of greasy material from fabncs through the em- 
ployment of colloidal emulsifieis and deteigent 
solubihzeis However, it should be emphasized 
in this connection that a great deal moie infor- 
mation on the factors controlling the colloidal 
equilibrium of the plasma is necessaiy before real 
progress in this field vull be likely 
Recent experiences with the experimental pro- 
duction of vascular diseases by changes in the 
plasma proteins dnect attention to certain so 
far neglected aspects of modem chemotherapy 
Math sulfonamide compounds and related com- 
pounds It seems to be necessary that more atten- 
tion be paid to the possibility of alleigic vasculai 
complications arising from such pioceduies The 
observations made on such occasions suggest, 
moreover, that vitamuuc imbalances lesultmg 
trom such therapy and apparently affecting 
mainly the vitamin B complex require closer 
study as to their artenosclerotogenic potentialities 
The occunence of degenerative and cystic 
medial lesions m the aorta as late results of 
severe hypotonic episodes make it urgent that 
conditions of circulatory failuie, such as those 
seen m shock, are cut as short as possible with 
the existing therapeutic measures Persons who 
bare passed through piolonged and maiked hypo- 
tensive states should be cautioned against any ex- 


cessive stiain to then vascular system, particu- 
larly dunng the early period following such an 
attack, 1 e , before firm scar tissue may have 
foimed 

The prevention of chiomc aiterial lesions on 
the basis of occupational or environmental ex- 
posuie to vasotonic chemicals with hypotonic 
(carbon monoxide, nitrites, cyanides) or hyper- 
tonic eftect (digitalis, viosterol, ephedrme and 
derivatives, nicotine, lead) is mainly a matter of 
industrial and public hygiene and thus a subject 
of legislation and education 

It is obvious that adequate pieventive measures 
cannot ahvays be instituted in tune, because the 
exposure to the 'etiologic vasotonic agents is not 
piopeily lecogmzed 01 cannot be combated for 
vanous technical leasons or is disregaided out 
of negligence The development of the ultimately 
appearing degenerative and scleiosmg arteiial 
lesions raises then the question of the use of ap- 
piopnate theiapeutic measuies The type of 
therapeutic measuie adopted depends on the 
character of the causative aiteriosclei otogenic 
vasotonic mechanism piesent and on the kind of 
therapeutic action desired 01 possible in the indi- 
vidual case Three different types of thera- 
peutically active agents may be chosen foi this 
purpose if available 

1 Agents which destioy the vasotoxic 
pnnciple by oxidation, reduction, hydrolysis, 
conjugation oi other types of metabolic disin- 
tegration or alteiation oi which make the 
vasotoxic pnnciple innocuous and ineffective 
by blocking its site of action (stiuctural block- 
ing) 

2 Agents which eliminate oi increase the 
excretion of a causative vasotonic principle 
The administration of calcium salts, viosteiol 
and paiathyroid hormone m chronic lead poi- 
soning oi the removal of parathyroid adenomas 
m hyperpaiathyroidism belong m this categoiy 

3 Agents which exei t a vasotonic effect op- 
posite to that exei ted by the causative principle 
This type of therapeutic measure is obviously 
the least desirable and effective one as it 
usually meiely produces symptomatic lelief 
without influencing m any vay the continued 
existence of the causal conditions Vasodilating 
agents, such as mtntes, thiocyamdes, theo- 
bromine, acetylcholine and similarly acting 
substances, are used m the symptomatic con- 
tiol of hypertension of various genesis, while 
epinephrine, ephedrme, extract of adrenal cor- 
tex and othei hypertonic agents aie employed 
m counteracting hypotensive states of diveise 
nature Inasmuch as the site of action of a 
vasculotomc agent depends on its type and on 
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the close admimsteied, it is advisable to select 
foi theiapeutic pui poses a vasotonic agent 
which exeits its effect m the same region in 
which the causal ai tei losclerotogemc vasotonic 
agent is opeiative Disiegaid of this principle 
may lesult m apparent symptomatic relief 
thiough the production of abnormal functional 
and, finall), anatomic changes in some othei 
part of the cardiovascular system To lowei 
inci eased blood piessuie caused by vasculat 
hypertonia through mterfeience with cardiac 
tunction resulting in a reduction of the catdiac 
output is thus not only an mational hut a 
harmful procedure 

It is evident fiom these consideiations that the 
axailable theiapeutic measures aie of onh limited 


\alue, as at best they do no moie than pieient 
any fuithci piogiess of the ai tenosclerotic 
piocess In geneial they lestnct to some extent 
the unhampeied advance of the lasculai changes 
01 snnpl} pioduce some tempoiary symptomatic 
relief without mtei fermg senously with the de- 
\elopment of these changes 
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The Biological Basis of .Individuality By Leo 

Loeb professor emeritus of pathology, Washington 
University School of Medicine, St Louis Price 
$10 50 Pp 711 Spnngfield, 111 Charles C Thomas, 
Publisher 1944 

The comprehensiveness of this book makes it difficult 
to review all parts of it w ith equal adequacy , an 
attempt, therefore is made to convey to the reader of 
this review onlv the main gist of the book in which the 
author has synthesized the results of Ins own studies 
and those of related investigations by othei biologists 
into a highly original and far reaching system 
Individuality is the original physical and psychic 
state of an organism which has developed in accordance 
with its genetic constitution in cooperation with en- 
vironmental factors The concept of a biologic basis 
of individuality originated in the well known investiga- 
tions on transplantation which the author has conducted 
during the past five decades Transplantation of tissue 
from one animal to another calls forth a cellular re- 
action which is the stionger the greater the strangeness 
between host and donor Only autogenous grafts fail 
to elicit such a reaction, but even if host and donor are 
as closely related as litter mates of* a strain of mice 
inbred through many generations, the transplants will 
produce a mild reaction m the host The results of 
the latter syngenesiotransplantations indicate incidentally 
that complete homozygosity has as } et not been achieved 
bv continuous inbreeding 

There are indications that the reaction around a graft 
is caused by certain proteins, probably by nucleoproteins 
given off by the transplant Each individual is the 
carrier of certain proteins or of a certain protein which 
distinguishes all the organs and tissues of this individual 
from the organs and tissues of any other individual of 
the same species and strain This distinctive substance, 
termed “individuality differential,” is present in all 
tissues and organs and also in the blood of an individual 
Besides this individuality differential, each organism 
carries a number of substances typical of the strain, 
the species or the class to which it belongs and which 
distinguish it from the members of all other strains, 
species or classes All these distinctive substances, in- 
cluding the individuality differential, are designated as 
“organismal differentials ” 

Species differentials are responsible for the marked 
leaction that a heterotransplant elicits in the host lead- 
ing to quick destruction of the graft The violence of 
this reaction makes heterotransplantation less suitable 
for the detection of species differences than serologic 
methods which demonstrate the presence of antibodies 
m the serum of immunized animals For the detection 
of finer differences between individuals, transplantation 
is not only superior to serologic methods but the method 
of choice, although individuality differentials have been 
shown to exist in the red corpuscles of certain animals 
In addition, there are the organ and tissue differentials 
They are responsible for the difference m the reactions 
elicited in the host by various tissues of the same 
individual 

Data on the responses of the host to various types 
0 transplants and on the relation of the differentials 


to varying conditions in the host (age, hormonal in- 
fluences, blood groups) occupy almost one fourth of 
the book and include much new material In conclusion 
tw'O distinct types of biologic individuality are recog- 
nized 1 The “mosaic individuality” based on the sum 
of the organ and tissue differentials carried by an indi- 
vidual This is the individuality recognized so far and 
studied in particular by the geneticists 2 The “essen- 
tial individuality” based on the distinction between the 
individuality differential of one individual from the in- 
dividuality differentials of all other individuals Both 
mosaic and essential individuality depend primarily on 
genetic factors, but they are also under the influence of 
environmental conditions 

Subsequently, the phylogenetic and the ontogenetic 
development of the differentials is traced from lower 
organisms, such as coelenterates, planaria and amphibi- 
ans to birds and mammals In the course of evolution 
of animals a finei differentiation takes place and a moie 
rigid specificity of the differentials ensues Thus in 
primitive species heterotransplantation even of whole 
organs may succeed, and tw’o individuals may be joined 
together without development of signs of incompatibility 
such as occurs, for instance, in parabiotically joined 
rats Corresponding to the phylogenetic evolution of 
the differentials there is a progressive ontogenetic de- 
velopment of the latter Against embryonic tissues 
reactions may be lacking or slight, and tissues of young 
individuals produce milder reactions in the host than 
those of adults Thus, in young organisms the proteins 
representing the individuality differentials have not as 
yet achieved as high a specificity as in the adult There 
is, theiefore, an inverse relation between the adapt- 
ability of an organism and the rigidity of its individu- 
ality A certain relation exists also between the 
development of the organismal differentials and the 
organizers With advancing embryonal development 
the organizers are leplaced by complex highly specific 
contact substances which maintain the normal equi- 
librium between neighboring tissues and organs Graded 
manifestations of compatibility or incompatibility be- 
tween unicellular organisms suggest that even in these 
primitive structures there may exist finely differentiated 
substances analogous to the organismal differentials of 
higher species However, these substances are not iden- 
tical with true organismal differentials From this point 
of view the author analyzes the reactions taking place 
between individual protozoa and those between sperma- 
tozoon and egg, he also discusses the interaction be- 
tween single cells during the processes of tissue 
formation from the primitive amebocytes of Limulus 
to the cells of higher organisms 

Transplantation as a systematic method for tumor 
research w'as first used by the author in 1901 Tumors 
are bearers of the same or almost the same organismal 
and individuality differentials as the normal organs and 
tissues of the individual m which they originated The 
better transplantabihty of tumors, i e, the successful 
transplantation into homoiogenous and even heterogen- 
ous animals is due largely to the increased growth 
energy of the tumor and to processes of adaptation 
between host and donor These processes are fully 
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discussed with particulai reference to the production 
of immunity to tiansplantcd tumors The author holds 
the Mew that the development of a spontaneous tumor is 
not due to a somatic mutation This interpretation 
agrees with the conclusion that factors underty ing trans- 
plantabihty of tumors are not the same as those in- 
volved in spontaneous tumor growth 

The following part of the book deals with the nature 
of the organ and tissue differentials and with their 
mutual relations, and also with the relations between 
organ and oigamsmal differentials It has as jet not 
been possible to isolate these antigenic differentials 
by chemical means Thcv are, however, not identical 
with any of the known antigens which have so far been 
analyzed in studies on blood groups, Rh factor, pre- 
cipitms, hemolvsins or c}totoxins The} arc gcneticalh 
determined but aie not present in the genes, the latter 
contain or maj determine the formation of precursor 
substances which during ontogenesis develop into the 
differentials proper 

The presence of the same individuality differential m 
all organs and tissues of an individual makes possible 
the normal interaction between the various tissues and 
between tissues and bod} fluids In order to intei act 
harmomousl}, the Various tissues and bod} fluids which 
represent the inner environment of the bodv have to be 
specifically adapted to one anothci Thus there is in 
the health} organism an “autogenous equilibrium ” 
meaning identity' of the individuality differentials m 
tissues and bod} fluids of the same individual Dis- 
harmonies in this balance give rise to disease Smnlarlv 
aging repiescnts a continuous decline of the mutual 
adaptation betw een the constituent parts of an organism, 
ultimately leading to death The lower the species, the 
fewer and less complex are the tissues and substances 
involved in the maintenance of a normal equilibrium 
In lower oigamsms not onlv entire organs but even a 
whole new organism ma} be regenerated from parts 
of the old one after injury These lower organisms 
are thus potentially immortal Higher organisms have 
developed such a complex system of structure and 
function that the} have lost their adaptability to un- 
favorable environmental conditions They have become 
rigid and have acquired senescence and disease, thev 
have attained refinement of individuality but at the 
expense of immoitahty 

While thus in the course of evolution the lughci 
organisms have lost to a large extent their powei of 
adaptation to the outer environment, the central nervous 
system and higher sense organs which serve as a means 
of communication between the individual and lus en- 
vironment have developed a high specialization and 
extended their significance In the sphere of the psv- 
chic aspects of the individuality, the oiganism has 
become more dependent on the environment These con- 
siderations lead to the final chapter of the book dealing, 
with the psychosocial aspect of individuality The 
psychic attitude of an individual is in the last analysis 
determined by reactions of lus nervous system which 
in turn is also a carrier of lus individuality differential 
This being genetically determined, all actions and 
emotions of an individual are likewise under the in- 
fluence of his genetic constitution However, environ- 
mental conditions in higher organisms play a prominent 
role in determining psychic and social attitudes This 
is in contrast to the physical makeup of the individual 
which is preponderantly influenced by genetic factors 
and only to a lesser extent by environmental conditions 
As with many a masterwork on biology, objections 
may possibly be raised by some reviewers to one or the 


other of the authoi’s intei pretations Tins would not 
m the least affect the significance and value of the book, 
which constitutes a unique presentation of the meaning 
of individuality on the basis of present knowledge m 
biolog\ A wealth of mtormation for the general 
pathologist and the biologist is provided b} this book, 
which is particular!} valuable since the author deals in 
an unusually objective manner with the icsults of other 
investigates and their views A discussion of the mam 
problems of immunity and genetics dealt with in full 
and correlated with the authoi’s concept would be be- 
}ond the scope of this review The book will serve as 
a stimulus to further investigations b} open-minded ex- 
periment ilists lo the general pathologist it is another 
step m the fm ther development and modification of the 
concepts of Virchow The student in the fields of trails 
plantation and tissue and tumor growth will welcome 
this comprehensive and for the pathologist indispensable 
work 

A Textbook of Pathology 13} Robert Allan Moore, 
lldwaid Mallmckrodt proiessor of patholog}, Wash- 
ington Umvcrsitv School 01 Medicine, St Louis 
Pp 133S, with 513 illustrations Pi ice S10 Phila- 
delphia and London \\ B Saunders Companv, 1944 

To jtistity its appearance m times like these a new 
textbook should have great merit In the opinion ot 
the reviewer this book is more than justified 

The division of the subject matter into general and 
special patholog}, usuallv lound in textbooks of pa- 
tholog}, is followed in this book, but the relative amount 
of space devoted to each is unusual General pathologv 
is covered in onl} 207 pages, while 1,084 arc devoted 
to special pathologv The organization of the material 
in both sections is new, as is the manner of presentation 

In the part on general pathologv the greatest inno- 
vation is m the manner of dealing with the retrogressive 
and degenerative changes Here the classification is 
not morphologic but chemical Chapteis are devoted 
to disturbances in the metabolism of proteins, carbo- 
h}drates, lipids and minerals and in the fluids of the 
bodv The oi ganization of the material on inflammation, 
tumors and disturbances in circulation is more conven- 
tional, but the emphasis is on the plnsiologic and 
chemical aspects 

The material in special pathologv is divided on the 
basis of whether the cause is known The diseases of 
known cause are discussed m parts devoted to those 
caused, respective!}, by living agents, plnsical agents, 
chemical agents and deficiencies and those related to 
pregnancy and the fetal and newborn states The dis- 
eases of unknpvvn or obscure cause are presented in the 
last part of the book, where they are taken up b} svs- 
tems m the usual vva} This is the largest pait (544 
pages), and together with that on diseases caused bv 
living agents (398 pages) it constitutes most of the 
volume 

This organization of material has numerous advan- 
tages, but it leads to some difficulties and inconsistencies 
Thus discussions of diseases of some particular organs 
are located in widely separated chapters , for example, 
the renal diseases Diseases caused b} living agents 
are classified m vanous wavs according to portal of 
entry, source of the infection, class of organisms or 
method of transmission In general this works out 
well, but some diseases logicall} belong in several 
places, having more than one portal of entr}, method of 
spread, etc , and others get misplaced Thus, although 
pneumonia is the chief lesion produced by Klebsiella 
pneumoniae, this organism is discussed with the intes- 
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tinal bacteria At other times diseases become misplaced 
because there are not enough chapter headings to go 
around Thromboangiitis obliterans and Raynaud’s dis- 
ease are placed in the chapter on arteriosclerosis, to the 
possible confusion of the student 

This book is remarkably comprehensive and up to 
date Some of the exotic infections are presented in 
considerable detail The style of writing, while not 
ahvavs fluent, is lucid, readable and to the point The 
advisability of beginning the presentation of new dis- 
eases abruptly with the pathologic anatomy might be 
questioned on pedagogic grounds There are numerous 
references at the end of each chapter and, what is a 
commendable innovation, the names of pertinent journals 
This book has so many good points and it represents 
such a laudable effort to inject new life into the subject 
by a new approach that the reviewer hesitates to point 
out some minor deficiencies The author of a textbook 
must make many decisions on the apportioning of space 
to the various subjects, and with his decisions others 
may disagree Whether 46 pages should be devoted to 
syphilis and only 28 to tuberculosis and 46 to tumors 
may be questioned The infectious granulomas are not 
presented as a group The wisdom of abandoning this 
classification is questioned In the presentation of 
edema, the factors m its causation are given, but there 
is no discussion of the general types, the hazards to the 
individual patient or the chronic effects in the tissues 
or serous cavities In the discussion of hemorrhage 
there is no mention of the effects and the fate of extrav- 
asated blood The author is impressed by the impor- 
tance of tularemic pneumonia but not by that due to 
the Friedlander bacillus 

Some additional minor criticisms could be made 
For example, while the illustrations on the whole are 
excellent, a few could probably be improved (figs 115, 
46, 92 and 369b) Figure 350 may well represent meta- 
plasia rather than carcinoma The primary lesion of 
anthrax is not a pustule, and this disease is contracted 
also from sheep and goats and their products Table 4, 
page 163, is not truly representative of the systemic 
distribution of neoplasms 

There are numeious additional points on which issue 
might be taken with statements of fact or on the degree 
of emphasis If there is any considerable demand for 
changes, they will, no doubt, be made by the author in 
his second edition 

The author of a textbook of pathology is confronted 
with several important decisions Shall it be written 
primarily for medical students or at the reference and 
postgraduate level? Shall it be the work of one person 
or of a number of contributors? Shall it be confined 
to one volume? Dr Moore has apparently attempted 
to compromise with regard to his audience The book 
"ill probably prove to be more useful to the general 
student than to the professional pathologist because it 
often fails to give specific, pathognomonic details for 
diagnosis, so much desired by the latter On the other 
hand, it does present for the pathologist many new 
points of view' Although the book was written by one 
author, he acknowledges the help of many consultants 
and associates The book is in one volume It is a 
heavy book of 1,338 pages It might well be expanded 
to tw o volumes in future editions, with greater emphasis 
°u general pathologic principles 
Here, then, is a new' book which should find an im- 
portant place for itself among textbooks of pathology 
The author is to be congratulated, and students of 
pathology may consider themselves fortunate 


The Avitaminoses The Chemical, Clinical and 
Pathological Aspects of the Vitamin Deficiency 
Diseases By Walter H Eddy, Ph D , emeritus 
professor of physiological chemistry, Teachers Col- 
lege, Columbia University , and Gilbert Dalldorf, 
M D , pathologist of the Grasslands and Northern 
Westchester Hospitals, Westchester County, New 
York Third edition Price $4 50 Pp 438, with 
47 illustrations Baltimore The Williams & Wil- 
kins Company, 1944 

The first edition was published in 1937 and was re- 
viewed m that year (Arch Path 24 409, 1937) The 
piesent edition has nearly 100 more pages and 20 more 
illustrations 

Part I deals with the chemical nature of the vita- 
mins, vitamin behavior, vitamin requirements, the 
nature and the function of vitamin A, thiamine, ribo- 
flavin, nicotinic acid, pyridoxine, bios nutrilites and vita- 
mins C, D, E and K It contains manv useful tabular 
summaries of vitamin units, dietarv requirements, etc 

Part II presents in detail the etiologic factors, the 
experimental aspects, the clinical manifestations and the 
morphologic aspects of the human avitaminoses In 
this part are 47 plates of, as a rule, excellent black 
and white illustrations of gross and microscopic appear- 
ances, nearly one half pf which appear to be original 
Plate 29 needs bettei description 

Part III describes methods of vitamin assay and tests 
for vitamin deficiencv diseases 

The bibliogiaphy of parts I and II is arranged alpha- 
betically according to chapters The appendix contains 
a list of references to the estimation of vitamin po- 
tencies and two tables of the vitamin values of raw 
foods The book contains a vast amount of information 
about vitamins and their relation to health and disease 

The Pathology of Internal Diseases By William 
Boyd, MD, LLD, MRCP (Edm), FRCP 
(Lond), Dipl, Psych, FRCS, professor of pa- 
thology and bacteriology in the University of Toronto, 
Toronto, Canada Fourth edition, thoroughly revised 
Pp 857, with 374 illustrations Price $10 Phila- 
delphia Lea & Febiger, 1944 

The first and second editions of this book were re- 
viewed in earlier volumes of the Archives of Pa- 
thology (11 682, 1931, 20 965, 1935) There is no 
change m the general plan and scope of the book As 
stated m the review of the second edition, the field 
covered is that “usually included under the term in- 
ternal medicine except that acute infectious diseases, 
such as measles, scarlet fever, smallpox, tularemia, un- 
dulant fever and whooping cough, have not been in- 
cluded ’’ It should be noted also that tropical diseases 
and diseases of the mouth, the pharynx, the esophagus, 
the vermiform appendix, the peritoneum, the sex organs 
and the skeleton are not considered In the new edition 
several sections, notably those dealing with the cardio- 
vascular svstem, have been largely rewritten, and much 
new material has been added The book is well abreast 
of recent advances m its spheres of pathology' Of the 
new topics, alloxan diabetes and Rh factor have not 
found their way into the index Four new coloi ed plates 
and 22 new text figures have been added The book 
is well illustrated In the case of the colored plates 
the magnification is not given, and no mention is made 
of the stains in plates 1, 3 and 7 Within its field the 
book continues to be an excellent guide to the studv 
of the pathology of internal diseases The statements 
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on page 744 about the infectiousness of the patient with 
poliomyelitis and of the carrier of the virus of polio- 
myelitis are a rare instance of grcatci finality in the 
presentation than is warranted b\ present knowledge 

Lead Poisoning Bv Abraham Cantarovv, M D , asso- 
ciate piofessor of medicine, Jefferson Medical Col- 
lege, and assistant physician and biochemist, Jeffcison 
Hospital, Philadelphia, and Max Trumper, PhD 
Lieutenant Commander, H-V(S), USNR Naval 
Medical Reseaich Institute, Bcthesda, Md Pp 264 
Price S3 Baltimore The Williams \\ llkms 
Company, 1944 

The absorption the ttanspoitation, the deposition and 
the excretion of lead form the topic of the first chapter 
Then come discussions of the pathology and pathologic 
physiology of lead poisoning, its clinical manifestations 
and treatment The principal part of the chapter on 
treatment consists of a descuption In Mav R Ma\trs 
M D , of the industrial control of lead poisoning There 
are chapters also on the occurrence of chronic plum- 
bism , on the normal intake of lead , on lead in bode 
fluids, blood and excretions , on lead products in m- 
dustre (L H Schrocder, National Lead Comp me ) 
and (by Morris B Jacobs) on procedures for the detei- 
nunation of lead There arc mane tabulations of useful 
data concerning lead and lead poisoning There is an 
extensie r e bibliography, titles not gieen, arranged alpha- 


betically according to authors’ names The hook will 
be of interest to all medical men who are concerned 
eeith the prcecntion, the recognition and the treatment ot 
lead poisoning 

Spina Bifida and Cranium Bifidum Papers Re- 
printed from the New England Journal of 
Medicine with the Addition of a Comprehen- 
sive Bibliography, from the Department of 
Surgery of the Children’s Hospital, Boston, 
and Harvard Medical School Bv Franc D 
Ingraham, M D , assistant professor of surgen, 
Harvard Medical School, neurosurgeon, Children s 
Hospital, senior associate m neurosurgery, Peter 
Bent Brigham Hospit d Pp 216 illustrated Cam- 
bridge, Mass Hanard University Press, 1945 

The title well describes the contents The article- 
discuss the results of observations of the malformations 
in question in 546 patients seen at the Children’s Hos- 
pital Boston during the last twenty veirs A survev 
ot the eases is presented including the surgical treat- 
ment T hree articles de.il with occult spinal disorders an 
unusual nasopharvngea! cncephalocele, and the Arnold- 
Cluari malformation T he larger part of the book, 
128 pages contains the bibliography from 1550 to 1943 
ai ranged he decades except for the carle period There 
is here a eontrihntion of great value to those who art 
interested in the studs and understanding of spina bifid i 
and cranium bifidum 


Books Received 


Report of thf Nation m Acadfm-v or Sciixcis 
Jmscai Yfar 1942-1943 Pp 165 Price 25 cents 
Washington D C United States Government Printing 
Office, 1944 

Hospitat for Joint DisFsshs Nfw A ork ITiiRn- 
Si vtnth Annuai Report — For the Yi-ar 1943 Pp 102 

Nationai Research Ffiiowships, 1919-1944 Ad- 
ministered by the National Research Council Compiled 
by Neva E Revnolds, recording secretarv Pp 142 
Washington, D C National Research Council, 1944 

Archivos di i v Socirnvn Aiu.intina oi. Anatomic 
Normai v Pvtoiocicv Dirigidos por D Brachetto- 


Brian Tomo A’ Ano 1943 Pp 143, illustrated 
Buenos Aires Asociacion Mtdiea Argentine, 1943 

Rhori of thf Henrv Pmrrs Institute of thf 
LN ivFRsirv of Pfnnsvivvnia for tiif Pfriod 1942- 
1943 Pp 20 

Patients Hvvf Twiiifs Henry B Richardson, 
M D associate professor of clinical medicine, Cornell 
University Medical College, attending plnsician, New 
A'ork Hospital, visiting plnsician, Bellevue Hospital 
Price $3 Pp 408 New A’ork The Commonwealth 
Hind, 1945 
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MORPHOLOGIC ALTERATIONS OF THE NEURON DUE TO 

TUMOR INVASION 

ICARL STERN, MD, and GUY L ODOM, MD 


MONTREAL, 

What changes does the neivous parenchyma 
undergo under the impact of invasion by neo- 
plastic tissue ? This question is interesting from 
several points of view It is of theoretic interest 
from the point of view of the pathology of the 
neuron and from that of the biologic behavior 
of the tumois which invade neivous tissue It 
is of clinical interest because general experience 
shows that the localizing syndromes pointed out 
by classic neuiology on the basis of vasculai 
lesions or mechanical injuries are often laigely 
modified by tumors occurring in the same area 
This discrepanc}' has been pointed out particu- 
larly with respect to the extrapyranudal ganglions 
in 25 cases from Cushing’s department (Ody 1 ) 
and m connection with tumors of the thalamus 
(Smyth and Stern 2 ) Scherer 3 studied the 
changes which the nervous parenchyma under- 
goes under the influence of pressure from an 
adjoining meningioma In the present investi- 
gation an attempt Mas made to study the effect 
of glioma on the nerve elements 

MATERIAL AND METHODS 

Only postmortem material was studied It was de- 
nied from 15 cases of astrocytoma (piloid, gemisto- 
cvtic, diffuse), 11 cases of glioblastoma multiforme, 3 
cases of astroblastoma, 3 cases of spongioblastoma um- 
polare, and 4 cases of medulloblastoma — altogether 36 
tumors 

The following stains were applied hematoxyhn-Van 
Gieson (general survev ) , Nissl (ganglion cells) , Mal- 
lory’s phosphotungstic acid hematoxylin (neuroglia 
fibers) , Bielschowshy (axis cylinders and neurofibrils) , 
Bodtan (nerve fibers and nerve endings) , Spielmeyer 
(myelin sheaths) , sudan IV (fat) , Marchi (degenerated 
nerve fibers) 

RESULTS 

Instead of describing single cases we may 
summarize the observations as follows 

Neive Cells — The neive cells aie well pre- 
served m an outei zone of the glioma which 
varies in depth They become rarer towaid the 

From the Department of Neurology and Neuro- 
surgery, McGill UmversitY, and the Montreal Neuro- 
logical Institute 

1 Odv, F Aich Neurol & Psychiat 27 249, 1932 

2 Smjth, G E, and Stern, K Brain 61 339, 1938 

3 Scherer, H J Rev neurol 66 307, 1936 


CANADA 

“tntei tot” part of the neoplasm, but even there 
one still finds in eveiy type occasional nerve 
cells which are conspicuously well preserved In 
the majority of the cases no transitional stage 
can be seen between complete preset vation and 
complete disappearance Where such a change 
can be seen at all it is of the vanety of “simple 
shnnkage” (Spielmeyer 4 ), i e, a diminution of 
volume with closer packing of the Nissl bodies 
and fair preservation of the nucleus (fig 1) 
This zone of transition is small in every case 
and includes only a comparatively small number 
of cells The most striking phenomenon is a 
negative one, 1 e , the complete absence of de- 
geneiative changes, familiar to all from circu- 
latory, infective, toxic and traumatic conditions, 
such as the “severe” cell change, the appearance of 
“homogenization” and the “ischemic” cell change 
All these degenerative changes, characterized by 
vaiious stages and degiees of disintegration of 
the nucleus, chromatolysis and “liquefaction” are 
absent 

This is especially striking m ceitam areas 
where otheuvise the cells show high vulnei ability, 
e g, the Purkinje cells These cells, which aie 
known to react even to minor damage with 
“homogenization” of protoplasm and nucleus, 
show a completely noimal appearance oi simple 
shi mkage when completely engulfed by the tumor 
cells of medulloblastoma Even when they aie 
markedly displaced, “cairied away” as it were 
by the giowth, they do not show any othei 
changes 

Another mstiuctive example is the nerve cells 
of the substantia nigra Because of the melanin, 
these cells were always particularly valuable foi 
the study of disintegration of ganglion cells m 
general (Klarfeld 5 , Spatz G , Stern T ) The pig- 

4 Spielmeyer, W Histopatbologie des Nervensys- 
tems, Berlin, Julius Springer, 1922 

5 Klarfeld, B Ztschr f d ges Neurol u Psy- 
chiat 77 80, 1922 

6 Spatz, H Encephalitis, in Bumke, O Hand- 
buch der Geisteskrankheiten, Berlin, Julius Springer 
1930, vol 11 

7 Stern, K Ztschr f d ges Neurol u Psvchiat 
148 753, 1933 
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ment gianules enable one to tiace pails of the 
protoplasm throughout all stages of degeneiation, 
neuron ophagia and lemrnal to the penvasculai 
space In a case of piloid astiocytoma of the 
midbrain, trial sections were taken from various 
levels Intact ganglion cells of the substantia 
nigra weie standing out in the depth of the 
neoplasm, densely encioached on by tumoi cells 


forms of neciobiotic change occurring m ordi- 
nary biain tissue could be obsened 

Slams of intiacellulai fibuls (Bielschovsh} ) 
shoved no paiticulai changes 

Axons and My elm Shcatlis — Where white 
matter is involved the myelin stains show the 
following pictui e At the periphery of the tumor 
the nerve fibers arc slightly separated, as it were, 



Fig 1 — Simple shrinkage of nerve cells within piloid astrocytoma (Nissl stain) 

Fig 2 —Glioblastoma multiforme growing in white matter (Spielmeyer stain) In the outer zone of the 
tumor one can see bundles of beaded and tortuous myelinated fibers They are separated by the growth, but the 
parallel course can still be recognized 


There were a few clumps of melanin outside 
ganglion cells, free m the tumor, but not moie 
than one might expect m a normal midbram of 
an adult The common degenerative changes 
of nerve cells mentioned were seen only m tumor 
areas which had undergone neciosis There all 


by tumoi cells As one approaches the center 
of the tumoi, tlieie are still bundles of mjelin 
sheaths with maintenance of a more or less 
parallel ariangement However, these bundles 
are separated by masses of tumor cells (fig 2) 
The myelin sheath itself shows thinning, .swelling 
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and beading at irregular distances In still unable to obtain a positive Marchi reaction 
deeper zones of dense growth one sees a picture Some glial cells contain occasional dioplets of 
very characteristic of this beading, with flag- neutral fat, but this is obviously not a result 
ments of nerve fibeis, which are quite irregularly of phagocytosis of products of myelin degenera- 
arranged (fig 3) The whole picture resembles tion 

dry twigs on the ground Not all of these are The axis-cylinders show the same changes as 
real fragments Some of them seem to be irregu- far as the irregulai arrangement and beading 
larly bending fibeis which have been cut at aie concerned 



Fig 3 — A deeper zone of the tumor seen m figure 2 (Spielmeyer stain) The beaded, thinned, fragmented 
Hi} elm fibers present the appearance of scattered “dried twigs ” 

4 — Astrocytoma The section is from the depth of the tumor Stained with Sudan IV, the thinned 
n '} elm fibers present the normal pale pink appearance, there is no neutral fat reaction 

different levels Howeier, the most important All types of glioma showed essentially the 
teature seems to be that even here these severely same types of change There is, however, a 

a nerve fibers still give a myelin reaction certain difference in the severity of change which 

fail to show any fatty degeneration (fig 4) coincides with the malignancy of the tumor 
e y stain pale pink except for an occasional Thus, in glioblastoma multifoime the “outer” 

n g it red droplet with Sudan IV We were also zone of well preserved neurons is smaller than in 
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piloid astiocytoma The diffuse ' asli oc) toina 
assumes a peculiai position because of the fact 
that the neivous paienchyma appeals moipho- 
logically intact thioughout 

COMMENT 

It has often been emphasized that the vaiious 
neciobiotic changes of neive cells descnbed in 
detail by histologists of the Nissl school can be 
produced by diffeient vascular, toxic and infec- 
tive causes, these changes have little specific 
etiologic significance m themselves It seems 
the more remarkable, therefore, that the} aie 
never found in nervous tissue invaded by tumoi 
unless necrosis or hemorrhage has occuned in 
the tumor itself If any change can be seen at 
all, it is of the type of “pure atiophy” (Spiel- 
meyei 4 ), simple shrinkage of the nerve cells 
with fair piesenation of nuclei and with 
thinning, beading and fragmentation of 
axons and myelin sheaths There aie scarcely 
any signs of degeneration and active iemo\al 
of neutral fat In our obset \ ations theie is 
nothing to indicate that the presence of occa- 
sional droplets of neutral fat in tumor cells is 
the result of phagocytosis of invaded nervous 
tissue 

In neui opathology the only processes analo- 
gous to this “simple wasting” of neurons aie the 
system degenerations of gra} matter (Spiel- 
meyei 4 ), such as certain ceiebellar atrophies or 
Huntington’s choiea Moreover, in those condi- 
tions, too, the pi oducts of degenei ation and signs 
of removal are conspicuously scarce or entneh 
absent, although it is known that the diseases 
are piogressive 

The only thing which these two types of condi- 
tions have m common is the slowness with which 
the neivous tissue is destroyed Foi even the 
most lapidly growing tumoi damages neivous 
tissue infinitely slowly as compared, foi 
example, with an infaiction In fact, it seems 
that all the changes described in our cases can 
be explained on the basis of gradual mechanical 
compression and distortion of neurons Only 
when the tumoi itself undeigoes neciosis do we 
see the neive cell changes commonly associated 
with anoxia 

This is especially interesting m connection 
with Scherer’s 3 observations on the coi tex 
underlying meningeal tumoi s He described 
various necrotic changes similar to those seen m 
circulatory diseases, and he interpreted them 
as due to interfeience with the blood supply 
He conti asted this with the fact that the coitex 
overlying a glioma does not undeigo the same 
necrotic changes, he aigued that since the sup- 


plying blood vessels icacb the coitex from the 
pia matei, they can be intei feied with only b) 
meningioma Apart fiom tbe fact that this is not 
quite collect (the coitex is paitly supplied bj 
ascending artenes), it seems reasonable that 
glioma which imades nervous substance in the 
vicinity of the suppl)ing artenes and emerging 
•veins would cause neciosis m the tissue supplied 
b\ these artenes However, this is not the case 
From the piesent obsei\ ations one must conclude 
that a blood supply sufficient to nourish the neo- 
plasm is also sufficient to nourish the invaded 
nei \ ous tissue and that the destruction of 
neui ons inside the glioma is due to simple pres- 
sure atroph} What happens to entire liemi- 
spheies in the case of hx drocephalus happens 
here, to single cells and their processes when 
these are encroached on b) tumor tissue Mac- 
Callum 15 in discussing tbe contrast between the 
livei in t}phoid and the lner densely infiltrated 
bv cells in nneloid leukemia, drew attention to 
the fact that no necrosis can be seen in the 
leukemic h\ei in spite of the huge mfilti ation 
He stated that in leukemia the lner cells are 
merely “compressed into flattened rows or 
squeezed out of existence ’’ This coi responds 
precisely to our observations on nervous tissue 
invaded bv glioma 

The piesent investigation explains whv glioma 
seemingly i (.placing In am tissue can be so exceed- 
ingly poor m localizing s} mptoms and w by these 
svmptoms often make then fiist appeal ance in an 
“apoplectiform” manner i e , aftei necrosis or 
hemonhage m the neoplasm From a morpho- 
logic point of view a suipnsinglv great number 
of neui ons completely surrounded by neoplasm 
aie still intact On the othei hand the preser- 
vation of function can also be explained by the 
fact that destiuction is slow as compared with 
that in othei tvpes of damage This is especiall) 
suggestn c m connection w ith Ody’s 1 observa- 
tion In hts cases tumoi s of the basal ganglions 
nevei caused extiapyiamidal symptoms, such as 
choiea and paikmsonism It is a common ex- 
penence that tumors frequently cause pyianudal 
symptoms This would suggest that slow inva- 
sion of a system of complicated chains of short 
neui ons leaves sufficient time foi “detour” con- 
duction of stimuli wheieas in the case of one 
single long neuron no such possibility exists 
However this is only ofteied as a speculative 
explanation 

The present investigation also indicates that 
neive elements deep within the tumoi do not 

8 MacCallum, W G A Textbook of Pathology, 
Philadelphia, W B Saunders Company, 1939 
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m case of doubt justify the assumption of a 
neuroblastic origin of the neoplasm 

SUMMARY 

In cases of lanous types of glioma the effect 
of the giowth on invaded nervous parenchyma 
was studied All types of glioma produce in 
tins lespect essentially the same picture although 
this may differ in degree Completely intact 
neuions can be seen ovei a varying depth within 
the tumor Fiequently theie is no tiansition 


between complete pieseivation and complete dis- 
appearance of nerve cells Where theie is a 
change of nerve cells at all it is of the variety 
of simple atiophy, which is piobably due to 
pressure There aie pecuhai changes of axons 
All those changes of cells and processes fre- 
quently encounteied m vascular, toxic and infec- 
tive conditions are entirely absent unless the 
neoplasm itself undergoes secondary changes 
The foregoing obseivations have pathologic and 
clinical significance 


MORBID ANATOMY OF TYPHUS AS SEEN IN A RECENT 

GUATEMALAN EPIDEMIC 

OBSERVATIONS ON THE DISEASE 
MAJOR ALFRED GOLDEN 

MEDICAL CORPS, ARM\ Or THE L -\ ITED STATES 


On Apiil 3, 1944 epidemic typhus broke out 
m the Asilo de Ahenados (hospital for patients 
with mental diseases), adjacent to the General 
Hospital, m Guatemala City Through the 
cooperation of Dis Julio Roberto Heireia and 
Enrique Padilla of the Samdad Publica of Guate- 
mala, numerous blocks of autopsy tissue fixed 
m solution of formaldehyde were forwarded to 
me for study at the Army Medical Museum, 
Washington, D C A total of 10 deaths were 
investigated by that method The public health 
aspects of this outbreak have been described by 
Herrera 1 Martinez Dui an 2 has described cer- 
tain of the pathologic aspects The purpose of 
this paper is to di aw attention to some interesting 
features of the morbid anatomy as seen m the 
tissues submitted, particularly those features 
which have not received heretofoie the attention 
which I believe they deserve 

MATERIAL AND METHODS 

Certain organs and tissues were not lcprcsentcd in 
the sample tissues available For example, no blocks 
of the endocrine glands other than the adrenal glands 
were submitted Only occasional blocks of the gastro- 
intestinal tract were resected for study On the other 
hand, multiple blocks of the myocardium, the central 
nervous system, the lner, the spleen and the hidner 
were submitted from each case 
It is proposed to present the obsenations on the 
available tissues bj systems and organs All sections 
were stained with hematoxylin and cosin In 1 case 
organisms consistent with morphologic descriptions of 
Rickettsia were observed in the testicular tissues after 
staining the sections overnight m Giemsa solution until 
the cytoplasm of the swollen endothelial cells lining 
small blood vessels became deep blue and then decolor- 
izing until the cytoplasm was faintly blue, but retaining 
the sharp delineation of cell borders With this method 
of staining the forms compatible with Rickettsia were 
deep blue and were seen against a nongranular pale 
blue endothelial cytoplasm 

Suggestions as to technic were contributed by Dr 
Arnold Rich , the technical procedures were carried out 
by Sergeant I Wodmski 

This study was made possible through cooperative 
effort of the Institute of Pathology of the Army Medical 
Museum, Washington, D C , the Division of Health and 
Sanitation, Office of the Coordinator of Inter-American 
Affairs, Washington, D C , and the Inter-American 
Cooperative Public Health Service in Guatemala 

1 Herrera, J R Bol Ofic san panam 23 603, 1944 

2 Martinez Duran, C Juventud med , 1944, p 1 , 
Bol Ofic san panam 23 791, 1944 


OBSLR\ ATIONS 

Cauhovasculai System — Of the numeious 
blocks of myocardium submitted, most of them 
fiom the left ventuculai wall, mail) but not all 
showed variably severe interstitial myocarditis 
In 4 cases only one or a few blocks of heart 
muscle showed the lesion while others did not 
On the basis of such distnbution it is assumed 
that intei stitial myocarditis w r as a common if not 
turn ei sal lesion in this epidemic, but patchy in 
its distribution m a given heart Most of the 
muscle fibers m affected zones w ere rather wadeh 
sepai ated by both cellular infiltiations and 
edema The infiltiating cells were predomi- 
nantly mononucleai forms — •monocytes and 
hmphoc)tes — with lessei numbers of polymoi- 
phonuclear leukocytes and only occasional eosin- 
ophils Occasionally a necrotic muscle fiber or 
a fibei showing necrosis of a portion of its length 
could be identified, characterized b) swelling of 
the muscle substance, loss of stnations and deep 
homogeneous hematox) hn staining of the ground 
substance In conti ast with sections of biam 
and testicle m which blood vessels showing 
txpical leaction to nckettsial parasitization were 
numeious and seen with particular ease, those 
of heait muscle showed relatively few' vascular 
lesions While serial sections w r ere not made in 
order to explore thoroughly the relationship of 
vascular lesions to interstitial myocardial inflam- 
mation, multiple step or interval sections were 
examined w 3 cases without finding any evidence 
that the two were closely i elated It appears 
ieasonable to assume therefore that interstitial 
myocarditis as seen m this epidemic lepresents 
a pi unary insult to the heart muscle and not 
necessarily an intei stitial cellulai lesponse to 
vasculai mjuiy 

Lesions of the smallei vessels could be found 
in all the tissues examined but were particularly 
plentiful m blocks of the cential nervous system, 
including the brain stem and the spinal cord 
Most commonly, but not universally, small 
aiteries and aiterioles wane the blanches of the 
aitenal tree involved The lesions varied con- 
siderably m degree in difteient cases and in 
different blocks from the same case Simple 
endothelial swelling, vaiying from slight to 
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marked, and the formation of two and even three 
layeis of endothelial cells were the most com- 
mon lesions Occasionally a fresh hyaline 
thiombus could be seen attached to the swollen 
endothelium, partially 01 completely blocking 
the lumen (fig 7) The degiee of endothelial 
swelling was estimated as a two to five fold 
increase of cell volume The regional cellulai 
leaction to the -\asculai injuries will be described 
m connection with the vanous oigans and 
tissues 

There was no opportunity in this survey to ex- 
amine portions of majoi veins, aiteries or aoita 
In 1 case extensive fiesh thrombosis of the 
endocardial surface was observed with no evi- 
dence of concomitant infarction of the muscle 
fibers It was assumed that the thiombus was 
superimposed on direct endocardial injury 
Central Neivous System — In the blocks of the 
cerebral hemispheies the most common lesion 
was the vasculai response alieady described 
There appeared to be no predilection foi any 
one area or for gray matter as opposed to white 
matter, except that sections of pons and medulla 
showed, as a rule, more severe and more nu- 
merous lesions than other blocks of the cential 
neivous system In conti ast with the myocardial 
lesion described, lesions of the central nervous 
system bore an intimate relation to vascular 
injuries While many vascular lesions were 
sui rounded by apparently normal tissue, this 
was not the rule Marked vacuolation of neivous 
tissue regional to involved vessels was common, 
sometimes extending foi as much as the diameter 
ot a low' powei microscopic field around such 
vessels In numerous sections of this series there 
were several such aieas which showed in addi- 
tion considerable glial mobilization and the pres- 
ence of compound granular,, cells Leukocytes 
weie either scanty or entirely absent m these 
aieas (fig 1) 

Around other vessels showing endothelial 
lwperplasia and hypertrophy theie were collars 
of glial cells ranging from a single row' to a few 
lows of closely packed cells Othei sections 
showed fresh perivasculai hemoirhages, some- 
times extending over more than one low powei 
. microscopic field and recognizable grossly 

A striking alteiation but by no means a uni- 
i ersal one were zones of bland necrosis in w hich 
the ground substance showed the shadows of the 
pievious living tissue No cellular reactions 
weie obseived around these aieas in some in- 
stances, and in othei s mild glial and astrocytic 
collars were present The most extensive zone 
°t necrosis w'as seen m one section of pons 
(fig 2) 

Nodules of Frankel, so frequently noted by 
man} othei s m epidemic typhus, w'ere found in 


piofusion m this series Their relationship to 
affected blood vessels was frequently obvious 
They were of vai lable composition, ranging from 
a scattenng of glia cells m a zone of partial 
necrosis to a dense aggregation of a hundied or 
more such cells with a well defined center of 
bland necrosis 

The leptomemnges showed round cell menin- 
gitis, apparently patchily distributed In the 
meshes of the pia-ai achnoid, loosened by edema, 
there were fiom 5 to 50 round cells pei low' 
powei mici oscopic field, chiefly lymphocytes, 
plasma cells and large mononuclear phagocytes 
(fig 3) 

All of the changes described m the foiegoing 
paragiaphs, including zones of neciosis, were 
seen m sections of the spinal cord m the 2 cases 
in which the coid was submitted As m the 
othei portions of the central nervous system, 
vascular leactions, penvascular zones of neciosis, 
hemonhages and nodules of Frankel weie dis- 
tubuted apparently haphazardly, affecting both 
gray and white matter The meningeal reaction 
was pionounced m one of these 2 cases and mild 
m the othei 

Ach enal Glands — Only 4 pans of adienal 
glands were submitted from this series of cases, 
and they showed a uniform lesion, varying only 
m degree in different sections and different cases 
The essential features of the lesion weie simple 
necrosis and solution of individual cells or groups 
of Cells, which destioy the continuity of the ad- 
renal gland cords and, when marked, produced 
lacunas in the substance of the gland In less 
extieme examples the noimal solid coid became 
transfoimed into pseudoglandular foci (figs 4 
and 5) Leukocytic reactions were absent m 
every pait of the adrenal gland examined except 
the penadrenal adipose tissue, where diffuse and 
focal lymphoid infiltrations weie seen with and 
without specific vasculitis 

The significance of the lesion of the adrenal 
gland will not be proved until biochemical studies 
of adienal gland function can be made m the 
living patient It is interesting to note that the 
same or a very similar lesion has been rede- 
scribed recently by Rich 3 in a variety of septi- 
cemic states, including memngococcic septicemia 
The lesion may be of considerable importance m 
the genesis of the severe shockhke state so com- 
mon clinically m Guatemalan typhus 

Spleen — The hemopoietic system as a v'hole 
cannot be discussed in this paper inasmuch as 
the only' representative of the oigans and tissues 
comprising the system were numerous blocks 
of spleen In most of the cases either one or 
more lesions of the follow mg ty'pes could be 

3 Rich, A. R Bull Johns Hopkins Hosp 74 1, 
1944 
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seen (a) heraorihagic foci 01 rones and (b) 
zones of necrosis 

In the hemoirhagic aieas there weie masses 
of fiesh blood covering led and white pulp indis- 
ci immately, without any signs of oiganization 
01 of undue leukocytic lesponse These lesions 
appealed to be terminal phenomena 


The neciotic aieas vaiied horn pallid zones a 
fi action of a low power microscopic field in dia- 
meter to those as large as a low powei micro- 
scopic field The framework of the pulp, red 
01 white, usually could be recognized, at least 
m pait, as the background foi these zones of 
anemic neciosis 



Fig 1 — Section of cerebral cortex, X 383 Endothelial hypertrophy is seen at A The teiminai portion of a 
thrombus ( B ) partially occludes the lumen The perivascular tissue shows encephalomalacia (C) and contains 
several compound granulai cells (D) (Army Medical Museum Negative 80867 ) 

Fig 2 — Section of pons, X 43 The heavy lines ( A ) are artefacts due to wrinkling of the section There is 
a large zone of ischemic necrosis ( B ), along one border of which is a tluombosed vessel with a thick collar of 
round cells about it (C) Note that there is practically no cellular reaction around this large zone of necrosis 
(Army Medical Museum Negative 80866 ) 

Fig 3 — Section of cerebral cortex showing the pia-arachnoid , X 383 A vessel shoving marked endothelial 
hypertrophy is seen at A The pia-arachnoidal meshwork is loose and contains numbers of plasma cells, lympho- 
cytes and monocytes (5) (Arm> Medical Museum Negative 80633 ) 
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In neithei type of lesion could specific vas- 
culitis be incnminated as the cause, although 
serial or step sections were not undertaken by 
way of investigation 

In the absence of lesions of eithei or both of 
the aforementioned types, the sections of spleen 
piesented no significant changes othei than mild 
and inconstant hyperplasia of pulp cells 
Live i — Hypoplasia of cells, chiefly cential in 
distribution, was not uncommon, merging occa- 


unhke those seen in typhoid Mere present, occa- 
sionally in considerable numbeis Specific vas- 
cular lesions were observed only occasionally 
and appealed to be confined to the portal spaces, 
where small granulomatous foci surrounded such 
vessels, appearing not unlike the nodules of 
Fiankel in the brain 

Skm — The superficial poitions of the conum 
of exanthematic plaques showed numerous spe- 
cific vasculai lesions similai in all lespects to 



Fig 4 Section of the cortex of an adrenal gland, X 120 Necrosis of individual cells has resulted m 
NegaU SOS™ 3 ) 5 ^ dlSperSCd ha P hazardl y in the cortical substance of the gland (Army Medical Museum 

Fig 5- View of a portion of the section shown in figure 4 under higher power, X 400 Note the sudden 
weak in the continuity of the adrenal gland cord {A) with solution of a number of cells Note that the 
sinusoidal border can be identified in the necrotic area and that remnants of cytoplasm are still visible fArmv 
Medical Museum Negative 80831 ) f^rmy 


sionally with zones of fiank ileciosis, without those seen in the brain Unaffected vessels were 

oirhage In othei areas focal necroses not usually congested Lymphangiectasia was com- 
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mon, even m the vessels lying deep m the conum 
Unorganized hemorrhages were seen fiequently 
and tended to be located supeificially in the 
conum No changes could be seen in the ovei- 
lying epideimis 

Of special mtei est was one section presumably 
fiom a laige macular, peihaps confluent exan- 


such that one could pi edict sloughing of that 
aiea in time It is suggested that a lesion of 
that type may be of significance m the genesis 
of typhus ulcers 

Kidneys — Numerous blocks shoved one 01 
moie examples of the lesions to be described, 
among which specific vasculitis vas mconspic- 



im , 

4 






Fig 6 — Composite photograph of renal lesions m 3 different eases, showing brown-pigmented casts (A), 
red blood cell agglomerations ( B ) and interstitial round cell infiltrations ( C ) , X 220 5 (Armj Medical Museum 
Negatives 8092S, 80927 and 80926 ) 

Fig 7 — Section of testicle showing an interstitial vessel with endothelial hyperplasia (A) and thrombus for- 
mation (J5) with regional round cell infiltration (C) , X 383 (Army Medical Museum Negatne 80636) 


thematous plaque The lesion was charactei lzed 
not only by the specific vasculitis just described 
but by widespread hemorrhagic necrosis includ- 
ing the epidermis and extending down to the 
subcutaneous adipose tissue The lesion was 


nous Yellow to biown homogeneous casts 
weie seen, particularly m the distal portions of 
the convoluted tubules, and occasionally v ere 
piesent in piofusion In the same sections, as 
well as m those from diffeient cases, other 
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tubules had frank agglomerations of red blood 
cells m similar situations The pigmented casts 
were consistent in tinctorial properties with those 
of hemic origin Inasmuch as pigmented cast- 
red blood cell mixtures were also seen, the 
supposition appears warranted that the lesion 
represents a hemic or hemoglobmuric nephrosis 
of undetermined genesis Simple vascular 
lesions of the glomerular tuft caused by rickett- 
sial injury were not seen, although occasional 
hemorrhages in Bowman’s capsule were noted 
These appeared to be all too slight in degree 
to account entirely for the tubular lesions Oc- 
casional foci of necrosis of the tubular epithelium 
adjacent to the casts were present and tended 
to form minute pseudogranulomatous foci com- 
posed of round cells and epithelial cells, spilling 
over into the interstitial tissues In addition to 
the tubular lesions, and in some cases apparently 
independent of them, there was mild to severe 
subacute interstitial nephritis characterized by 
infiltrations of lymphocytes, plasma cells, lesser 
numbers of monocytes and polymorphonuclear 
leukocytes, limited neither to the coitex nor to 
the medulla There was only minimal and at 
times no leukocytic infiltration around the pelves 
or calices, distinguishing the lesion from ascend- 
ing pyelonephritis (fig 6) 

Testes — In the 6 cas'es in which testicular 
tissues were submitted, all sections showed the 
specific vasculitis characteristic of rickettsial in- 
fection either in the tunica albuginea or in the 
interstitial tissues of the testicle, or in both areas 
If one may judge the extent or the severity of 
the vascular reaction from this form of random 
sampling of tissue specimens, it appears that the 
lesion was particularly severe in the testicle and 
its tunic The vascular reaction with partial 
thrombosis of the vessel and regional interstitial 
round cell infiltration illustrated in figure 7 is 
typical of this series Specific tubular lesions 
and damage to the interstitial tissues were not 
observed 

Esophagus — Several blocks from the gastro- 
'ntestmal tracts of 2 patients were the only ones 
°f this organ submitted for examination Each 
showed submucosal round cell infiltration, 
usually m discrete foci and of moderate degree 
No ulceration of the mucosa was noted The 
significance of the lesion, which again appeared 
to be independent of specific vasculitis, is ob- 
scure 

COMMENT 

The lesions of louse-borne epidemic typhus 
S( “ en m 10 fatal cases in. this outbreak may 

e classified m two large groups One group 
consists of the specific vascular lesions of rickett- 
infection, which needs no further description 
i e Vasc ular lesions appeared to be most pro- 


nounced m the central nervous system and the 
testes, and they weie responsible apparently for 
a certain degree of destruction or at least inflam- 
mation of the regional tissues The other group 
of lesions appeared to be independent of, or at 
least not intimately related to, the vascular 
lesions and included interstitial myocarditis, 
meningitis, focal cellular necrosis of the adrenal 
glands, interstitial nephritis, hemoglobmuric 
nephrosis and focal necroses of the liver and 
spleen Of particular significance were the obser- 
vations m the spinal cord, which showed lesions 
identical with those of the cerebral hemispheres, 
the cerebellum and the brain stem The lesions 
of the pons and the medulla were the most severe, 
both in number and m extent, and included the 
large areas of bland necrosis seen m figure 2 
It was suggested that the severe degree of hemor- 
lhagic necrosis seen m one section of skm could 
be the pathogenetic precursoi of a typhus ulcer 

The clinical state of collapse so remarkable 
m typhus m Guatemala may be correlated with 
focal necrosis of the adrenal glands, although 
one must also consider interstitial myocarditis 
and the lesions of the central nervous system in 
the pathogenesis of that state One can only 
speculate on the residua or sequelae of such 
massive necrosis of the central nervous system 
as was seen in this series in patients that survive 
the primary illness Obviously such necrotic 
areas could heal only by neural scar formation, 
with clinical sequelae m direct proportion to 
the exact site and extent of the pait of the central 
nervous system affected 

Hemoglobmuric nephiosis is of some signifi- 
cance because lesions similar to that wdnch 
characterize this condition are seen in asso- 
ciation with severe body burns, massive crush- 
ing of muscles (“crush syndrome”) 4 and certain 
shockhke states I shall not attempt with 
the inadequate data at hand to speculate on the 
exact mechanism of this lesion in typhus The 
fact nevertheless remains that it exists to a 
degree comparable to that seen m body bums, 
for example Interstitial nephritis of infectious 
ongin is too well known to lequire further com- 
ment Apparently, epidemic typhus may be 
added to the list of diseases in which the lesion 
may be encountered 

SUMMARY 

In addition to vascular and other lesions 
characteristic of rickettsial infection, this study of 
10 cases of typhus revealed foci of necrosis m 
the central nervous system and in the adrenal 
glands In the adrenal glands the necrosis rvas 
associated with cytolysis 

4 Bj \\ aters, E G L , and Dible, J H J Path & 
Bact 55 7, 1943 



GENETIC ANALYSIS OF THE INDUCTION OF TUMORS BY 

METHYLCFIO L ANTIiRENE 

VIII TWO MUTATIONS ARISING IN MICE FOLLOWING INJECTION OF 

METIIYLCHOLANTHRENE 

L C STRONG, PiiD 

N rW HAVEN, CONN 


Six genes foi susceptibility to methylcholan- 
thiene induction of tumois have been indicated 
by data which I hat e i ecoi ded 1 These are, in 
ordei of discoveiy, one on the “agouti” chromo- 
some, one on the “pink eye” chromosome, one 
on the “piebald” chiomosome and thiee on the 
X chiomosome The gene on the “pink eye” 
chromosome and one of the genes on the X 
chiomosome have been demonstiated in tests 
for linkage following suitable outciosses The 
other foui genes are indicated, but the tests for 
linkage have not been completed The tlnee 
genes on the X chiomosome probably are 
allelomorphs The intei pi elation that seems to 
fit the data best foi the three sex-linked genes 
is that a single gene which did not onginally give 
a greater susceptibility to melhylcholanthrene 
induction of tumors m one 01 the other sex has 
mutated twice at some time in the past — once in 
the direction that produces greater susceptibility 
in the female and again in the opposite direction, 
producing greatei susceptibility in the male As 
far as known, these six genes were involved in 
susceptibility to induction of tumors befoie the 
various inbred strains of mice were either estab- 
lished or given injections of methylcholanthrene 
During the past five yeais an experiment has 
been performed for the pui pose of analyzing the 
genetic factors obviously involved in the induc- 
tion of tumors by methylcholanthi ene For this 
purpose 200 mice (100 females and 100 males) 
of each of the fifteen inbied stiains 2 were used 
In addition to these inbred mice several special 
strains were established thiough selection follow - 
mg outcrosses Some of the data have been 
published 3 

From the Department of Anatomy, Yale University 
School of Medicine 

This experiment was made possible by grants from 
the Anna Fuller Fund and the Jane Coffin Childs 
Memorial Fund for Medical Research 

1 Strong, L C Rec Genet Soc Am 12 56, 
1943, unpublished data (records on three stocks C, I 
and F not complete) 

2 Strong, L C Cancer Research 2 531, 1942 


An analysis of the pertinent data obtained so 
fai discloses that two new germinal mutations 
hat e arisen during the course of the expenment 
m which' methylcholanthi ene has been injected 
into hybrid mice It is the puipose of this paper 
to present the data that indicate the ongin and 
the tiansnnssion of these two mutations 

MATERI \LS \ND METHODS 

All mice used in this experiment were of the NHO 
descent and belonged to the same series as those de- 
scribed in previous reports 3 The NHO mice were 
onginalh produced by tandem crosses between mice 
of the CBA, the JK and the N inbred strains The 
idea behind the production of the NHO strain was to 
obtain a group of mice which would show the greatest 
possible degree of biologic variability without the inter- 
fering incidence of spontaneous tumors Up to the 
present time spontaneous tumors have been infrequent, 
as reported previously The incidence of all types of 
spontaneous tumors with the exception of those of the 
lung is less than 1 per cent Bronchiogemc carcinoma 
is the only spontaneous tumor to which the NH (or 
the derived NHO) stock shows any significant suscep- 
tibility (starting at 325 dajs of life and increasing in 
numbers up to 30 per cent of all mice by 575 davs and 
to 42 per cent at 675 davs of life) In a very small 
number of these mice mammary tumors, adenocarcinoma 
of the stomach (in one subline), melanotic tumors, 
leiomyosarcoma of the uterus and leukemia have been 
observed Cjstic ovaries and cvstic glandular hjper- 
trophy of the uterus are evidences of hormonal dvs- 
function in mice of this strain — two conditions which 
increase in frequency with advancing age Stenosis 
of the esophagus 4 and glomerulonephritis 5 are of com- 
mon occurrence in these mice, also 

At 60 days (plus or minus 1 dav) all mice were given 
on the right side of the body a subcutaneous injection 
of 1 mg of methylcholanthrene dissolved in 0 1 cc of 
sesame oil Mice weie kept either as breeders or as 


3 Strong, L C Am J Cancer 39 347, 1940, 
Cancer Research 1 572, 1941 Strong, L C , and 
Williams, W L ibid 1 886, 1941 Strong, L C , 
Collins, V J , and Durand, E A ibid 3 21, 1943 
Strong, L C Arch Path 36 58, 1943 Williams, 
W L, and Strong, L C Cancel Research 4 11, 1944 
Strong, L C Arch Path 37 131, 1944 

4 Strong, L C , and Smith, G M Yale J Biol 
& Med 13 489, 1941 

5 Kirschbaum, A Proc Soc Exper Biol &. Med 
55 280, 1944 


232 



STRONG— CHANGE OF CANCER SUSCEPTIBILITY IN MICE 


233 


nonbreeders on a diet of Nurishmix 5-1 supplemented 
uith a mixture of wheat and oats, enriched Bond bread 5b 
soaked in milk and at intervals washed lettuce Weekly 
observations were made on all animals, and as soon 
as it was apparent that the local tumor was definitely 
growing or as soon as any disorder was shown, such 
as emaciation, ruffled hair and w’heezing, the involved 
mouse w r as lolled Within a few hours after death 
an autopsy w r as made on the mouse 

The present suney of tumors occurring in NH or 
NHO mice after the subcutaneous injection of methyl- 
cholanthrene is based on observations of 4,000 mice 
The types of tumors observed included, among others, 
(1) fibrosarcoma, (2) rhabdomyosarcoma, (3) epider- 
moid carcinoma, (4) adenocarcinoma of the mammary 
gland, (5) adenocarcinoma of the pvloric end of the 
stomach, (6) adenocarcinoma of the lungs and (7) car- 
cinoma of the liver The study of the 4,000 mice 
(between the Fi and the Fia generation) was divided 
into two parts The first part consisted of observations 
on 2,000 unselected mice (the NH) treated with methyl- 
cholanthrene , that is, e\ery mouse of the early hybrid 
generations (F ( to F s ) received an injection of the 
carcinogen The second part consisted of observations 
on mice which were selected toward lesistance to the 
induction of tumor at the site of the injection (the 
NHO mice, 2,000) 

In testing for linkage (partially indicated by data 
obtained in the observations just mentioned) the hvbrid 
mice of the NHO strain from the Fi; to Fjc genera- 
tions have been divided into five subhnes depending 
on the coat colors they carry These are (a) brown 
nonagouti showing a high incidence of carcinoma of 
the stomach (both spontaneous and induced by methjl- 
cholanthrene) , (6) brown nonagouti not showing carci- 
noma of the stomach, (c) pink e\e brown nonagouti, (d) 
piebald brown nonagouti and (e) pink eye, piebald 
brown nonagouti 

RESULTS 


The gene on the “piebald”-tagged chromosome 
reduces susceptibility to the effects of methyl- 
cholanthrene by 10 to 15 per cent (See chart 1 
The rate of induction of tumors in self-coloied 
mice [c] is represented by the short dash curve , 
the rate in piebald mice [&], by the solid line 
curve The rate in F x [self-colored mice ob- 
tained by a cross between piebald and self- 
colored mice] [c/] is shown in the open cncle 
long dash line The rate in self-colored mice 
[f] obtained in the backcross to the recessive 
piebald stock is given m the solid dot, solid 
line curve and that m piebald mice [e], m the 
solid dot, long dash line ) In one descent of the 
brown nonagouti piebald sublme this 10 to 15 


5a Nurishmix, according to the manufacturer, 
tains crude protein, not less than 20 per cent, c 
^ a k not less than 6 SO per cent , crude fiber, not more 
0 Per cent , carbohydrates, 51 50 per cent , nitrogen 
extract, not less than 48 per cent The ingredient: 
ne d buttermilk, beef scrap, wheat germ meal, r 
oa ts, calcium pantothenate, molasses, iodized salt (’ 
c *t) and cod liver oil 

5b Bond bread is stated by the manufacturer to 
n 3m diamine, 55 per cent of the minimum daily req 
’ etl t of man, nboflawne, 17 5 per cent, nicotinic ac 
went 311 ^ 1FOn ’ ^ P er cen t °f the daih human req 


per cent reduction of susceptibility no longer 
occurs (In chart 1 the rate of induction of 
tumois m the “mutated” subhne [c] is shown m 
the long dash line ) The stock is homozygous 
for “piebald ” Consequently the phenomenon of 
“crossing over” cannot explain this loss of le- 
sistance to the local induction of tumors by 
methylcholanthrene Furthei tests for linkage m 
the backcross to the recessive piebald subhne 
have demonstrated that the new mutation has 
arisen, presumably at the site of the old gene (for 
local susceptibility to induction of tumors) on 
the “piebald”-tagged chromosome That is there 
is now no differential susceptibility between self- 
colored and piebald mice 

The second mutation has occurred on the X 
chromosome The evidence is as follows The 
analysis of the first 2,000 mice of the NHO 
descent shows that there is no sex difference m 
susceptibility to the local induction of tumors by 
methylcholanthrene (See chart 2 The rate 
in' the original females [a] is represented in the 



Chart 1 — Curves for the rates at which local tumors 
were induced when 1 mg of methylcholanthrene was 
injected subcutaneously into (o) a homozygous Brown 
nonagouti self-colored subline of the NHO descent 
(short dash line), ( b ) a homozygous Brown nonagouti 
piebald subline (solid line), (c) the Fi generation from a 
cross between “a” and “b” (long dash line), and ( d and e ) 
the two classes of self-colored and piebald mice obtained 
in the back cross to the recessive piebald subhne (self- 
colored circle, long dash line, and piebald, solid dot, 
long dash line) Time in days is plotted along the base 
line, the percentage incidence of local tumors, on the 
vertical line (cumulative data) The curves indicate 
occurrence of a linkage between a gene of susceptibility 
to local induction of cancers and the piebald chromo- 
some Following this mutation (/) the derived piebald 
mice have the same susceptibility as the original self- 
colored mice (solid dot, solid line curve) 

short dash line, that in males [b], by the solid 
line ) In one of the subhnes there has appeared 
a sex difference (In chart 2 the rate m the 
females of the “mutated” sublme [c] is shown 
m a solid dot, solid line cuive, that m the males 
of the “mutated” subhne [rf], m a solid dot, 
long dash curve ) In this subhne the females are 
more susceptible to the local induction of tumors 
by methylcholanthrene than the males — a situa- 
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tion that is also found in the CBAN stock 
Tests for linkage m suitable genetic crosses have 
also disclosed the presence of this alteied gene 
on the X chiomosome 

That is, when mice of the oiigmal NHO 
stiam (2,000 mice) weie outcrossed to the C B7 
black strain, there were obtained no sexual dif- 
ferences m susceptibility in the F x generation 
This can be explained on the assumption that 
the genetic constitution of the old NHO strain 
as far as the X and Y chromosomes < ai e con- 
cerned is the same as that of the C B - strain — 
X Al X Al female NHO, X A1 Y male NHO 
and X A 1 X A 1 female C B7 , X A 1 Y male C 57 — 
when the A 1 gene on the X chiomosome has no 
effect on susceptibility On the other hand, 
when mice of the alteied oi “mutated” NHO 
strain weie outcrossed to mice of the C B7 strain 
there was a differential susceptibility between the 
sexes depending on the way in which the out- 
cross had been made When a female “mutated” 
NHO mouse was outcrossed to a C B7 male, the 



Chart 2 — Curves indicating a mutation occurring on 
the X chromosome, thus changing susceptibility to 
methylcholanthrene induction of tumors in the female 
but not in the male Before the mutation arose there 
was no sex difference in susceptibility — (a) females, 
short dash line, ( b ) males, solid line — whereas after 
the mutation the females became more susceptible to 
local induction of tumors — (c) females, solid dot, solid 
line curve, ( d ) males, solid dot, long dash line curie 

F x males showed a higher susceptibility than did 
the females , whereas, when a male “mutated” 
NHO mouse was outcrossed to a C 57 female, the 
reverse was tiue That is, the females now 
showed a higher susceptibility These facts can 
be explained on the assumption that the genetic 
constitution of the “mutated” NHO strain is 
now X A X A female, X A Y male with A acting as 
a stimulator of local induction of tumors The 
genetic constitutions of the F x mice would then 
be X A X Al female, X A Y male in the cross be- 
tween a “mutated” female NHO (X A X A ) and 
a C 57 male (X A Y) and X A 1 X A female, X A 1 Y 
male when the C 57 female X A 1 X Al was out- 
crossed to a “mutated” NHO male X A Y The 


“A” gene acts as a stimulator of local induction of 
tumors whereas the “A 1 ” gene has no effect 
In a third state the “a” gene acts as an inhibitor 
of susceptibility c 

Classification of Data on Winch the Cmves in 


Charts 1 and 2 Wcic Computed 

Curve Class Mice 

(a) Original self colored 2,210 

(6) Original piebald. 415 

(c) Fi self colored x piebald 155 

Chart 1 • 

o o (,/) Self colored BC to b 216 

• • (e) Piebald BO to b 212 

• • (/) “Mutated” piebald 3 j1 

Total 3,G37 

(a) Original femnles ISo 

(V) Original males 507 

Chart 2 ■ 

• • (c) Females of “mutated” c ub 191 

strain 


• • (d) Males of "mutated” substrain 179 

Total 1,875 
Grand total 5,012 


COMMENT 

The sex-lined gene indicated by data from 
studies of the inheritance of susceptibility to 
methylcholanthrene induction of tumors is no 
doubt an “unstable” one, having appaientlv 
mutated at least twice before the establishment 
of the fifteen mbred strains developed by me and 
once since the introduction of methylcholan- 
threne On the assumption that in one condi- 
tion (A) the gene acts as a stimulator, m 
another (A x ) it has no effect on susceptibility 
and m still another condition (a) it behaves as 
an inhibitor of the production of tumors, the 
genetic constitution of the mice of the various 
mbred stiams are X A X A female, X A Y male m 
the CBAN stock, X a X n female, X n Y male in the 
CHI and C stocks, and X A 1 X A 1 female X A X Y 
male in the N, A, C 57 , JKL, L, C 12 I, FC, JK 
CBA and C 3 H stocks The piesent data indicate 
that the same gene has again mutated from A 1 
to A following the injection of methylcholan- 
threne The constitution of the new subline 
would then be X A X A female and X A Y male, the 
same as in the CBAN stiam 

We are confronted with the problem of whethei 
the two mutations were spontaneous oi were 
induced by methylcholanthrene The situation 
cannot be positively demonstrated However, the 
impression is gained that the presence of methyl- 
cholanthrene within the body did have something 


6 Strong, L C Unpublished data 
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to do with the appearance of two mutations 
within the relatively short period of six months 
This impression is based on the following rea- 
sons Germinal mutations m my laboratory have 
been extremely rare In twenty- five years 210,000 
mice have been raised and personally examined 
During this period only eight germinal mutations 
have been detected These were (a) albinism in 
the JK stock, (b) a recessive lethal “piebald” 
appearance in the CHI stock, (c) a “pink ere” 
in the GH stock, (</) absence of the xiphoid pio- 
cess of the sternum m the JK stock, (c) an extia 
claw on the front feet of JK mice, (j) polydacty- 
lisni m 1 case m which inheritance v as uncertain, 
(ff) lop eai m the CHI — inheritance irregular — 
and (It) w'altzmg in the C S7 stock So two muta- 
tions within six months seems to, be more than 
should be expected from chance alone, especially 
ivhen the) were in the direction of increased sus- 
ceptibility to tumor — a physiologic state already 
known to be influenced by methylcholanthrene 
somaticall) The fact that no other germinal 
mutations have been reported by other inves- 
tigators with thousands of animals receiving 
methylcholanthrene does not seem to invalidate 
the present interpretation when one takes into 
consideration that nearly all the work on the 
induction of tumors by methylcholanthrene in 
other laboratories has been done on animals and 
that pedigreed descendants have not been pro- 
duced and kept (at least not reported) In fact 
most of the reported ivork was done specificall) 
on mice not being used as breeders Again the 
interest m using mice of the established inbred 
strains is rapidly gaming impetus Now most 
germinal mutations are recessive, and one should 
not be able to detect them for several generations 
My co-workers and I have deliberately used 
pedigreed hybrid mice and subjected their de- 
scendants for several generations to the same 
treatment of subcutaneous injection of methyl- 
cholanthrene ' Under these conditions we have 
teen able to detect two germinal mutations that 
■nfluence susceptibility to the local induction of 
tumors The fact that one of the genes which 
mutated, the one on the X chromosome, is ap- 
parently an “unstable” one should not weigh too 
much against the idea that the change (rnuta- 
h°n) may have been enhanced by the presence 
ot " methylcholanthrene 


Mottram 7 briefly discussed the idea of carcino- 
mas acting on genes (possibly during mitosis) 
^mer than having a direct effect on living cells 
^ Presente d data on the appearance of chromo- 

4 Mottram, J C Brit J Exper Path 15 71, 


1934 


somal aberrations being produced in bean seed- 
lings by carcinogenic tar Unfortunately he did 
not distinguish between somatic and geinnnal 
mutations I am not in agi eement with Mottram’s 
statement that “the mutation hypothesis foi can- 
cer postulates that the cancer cell differs from 
the normal cell in its content of genes ” 

In 1926 Strong 8 wrote 

changes within the genetic constitution of living 
forms, if they are germ cells, are called mutations , if 
they are somatic cells (occurring especially in plant 
tissues) they are called somatic mutations 

The conclusion is therefore reached that somatic 
mutations may occur within the tumor cell, and that 
when these mutations do occur they change the reaction 
potential and other physiological activities of the tumor 
cell The data at hand are not sufficient to determine 
more in detail the nature of this mutational process 
It may be either a change or shifting of a complete 
chromosome or chromosomes, or a change or changes 
within a chromosome or chromosomes (genic or it may 
be even cytoplasmic in nature By mutation I merely 
mean to use the term m its broadest sense, that is, a 
change or shift within the genetic or internal constitu- 
tion that results in definitely clear cut or discernible 
differences in behavior or structure that is perpetuated 
by the process of heredity (in this case — cell division) 

There are no data available that would necessi- 
tate the changing of this concept in an) way 
Certainly the new contributions on the mitochon- 
dria (Claude), the viruses (Rous, Duran-Reynals 
and others) , extrachromosomal inheritance (Little 
and others) (Korteweg) and the influence of the 
milk (Bittner, Andervont) would indicate that 
a genic change in the conversion of a somatic 
cell into a cancerous one may be merely the 
final step and may not necessarily be the only 
one involved 

The cytologic or genetic changes involved in 
the origin of cancer under spontaneous as well 
as under induced conditions are shrouded in 
mystery The present data on the appearance of 
two germinal mutations which underlie cancel ous 
susceptibility are clearcut The concept may be 
considered that the role of methylcholanthrene 
(and perhaps other carcinogens) m the induc- 
tion of tumors has a twofold nature (1) It has 
a direct effect on somatic cells and b) some 
unknown process influences them to such an 
extent that they become cancerous (somatic 
mutations ? ), and (2) it also influences germinal 
mutations in a manner such that the constitu- 
tional states of susceptibility and resistance to 
cancer are altered and these changed states are 
transmitted to succeeding generations The pos- 
sible lelationship of the somatic to the germinal 
changes in cancer is beginning to be indicated 
In one type of neoplasm especially, adenocarci- 

8 Strong, L C Genetics 11 294, 1926, J Exper 
Med 43 713, 1926 
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noma of the stomach of the mouse, 0 this 1 elation- 
ship seems to be a close one That is, it has 
been demonsti ated that the descendants of mice 
in which adenocaicinoma of the stomach has 
been induced by methylcholanthrene now con- 
tinue to show' development of the same condition 
spontaneously Pei haps m othei cancel ous con- 
ditions, also, the lole of the caicinogen may he 
of a dual natuie — an effect on somatic cells and 
another somehow' or othei coi related change in 
the geim plasm Eithei change may take place 
without the othei one doing so 

SUMMARY 

Two new' germinal mutations wduch change 
susceptibility to meth) Icholanthi ene induction of 
tumors have appeared in mice 

9 Strong, L C Rec Genet Soc Am 13 39 1944 


One of these mutations appeared on the “pie- 
bald”-tagged chiomosome, the othei, on the X 
cln omosome 

The gene foi susceptibility to induction of 
cancers on the X chromosome is apparentl) an 
“unstable” one, having mutated at least twuce m 
the past and once following the subcutaneous 
injection of methylcholantln ene 

As to the role of meth) Icholanthi ene in the 
induction of neoplasms, peihaps methylcholan- 
thicne acts jn a dual mannei (1) dircctlj on the 
somatic tissues, possibly bunging about somatic 
mutations, and (2) on the germinal mechanism 
which detei mines in part the intrinsic constitu- 
tional states of susceptibility and lesistance to 
induction of cancers The somatic and the ger- 
minal change maj be, to some extent at least 
correlated and influenced by the same extrinsic 
stimulus — in this case, meth) Icholanthi ene 



CHANGES IN THE UTERUS AFTER ERADICATION OF ENDOMETRIAL 

ADENOCARCINOMA BY RADIOTHERAPY 
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We 1 recently published a clinical lepoi't of 
the effects of combined roentgen and radium 
therapy on adenocarcinoma of the endometrium 
In some of the cases hysterectomy was per- 
tormed at varying intervals of time aftei the 
completion of the radiation tieatments Routine 
microscopic examination of grossly abnormal 
areas of the uteius m 5 cases levealed no evi- 
dence of carcinoma In 4 of these cases (1 to 4) 
the uterus was later subjected to a much moie 
thorough examination Theie was still no evi- 
dence of caicmoma Plowever, vanous mteiest- 
mg changes induced by ladiation were piesent, 
notably an mfaict-like plaque of neciosis at the 
level of the internal os It is the puipose of 
this papei to give a detailed descnption of the 
changes and to discuss the composition and the 
genesis of the plaque at the internal os The 
observations in 2 othei cases (5 and 6), which 
throw some light on these points, will he sum- 
marized also even though only routine sections 
vere available for study 

REPORT OF CASES 

In the pievious repoit 1 items of clinical im- 
portance weie stiessed In the present papei 
on b the most peitinent clinical data and the 
doses and the technics utilized in the radiation 
therapy will he furnished Additional infor- 
mation can he obtained fiom the previous paper 1 
hi tables 1 and 2 of that communication all 6 
°t the cases to be reported heie aie listed The 
initials of the patients aie used m the earliei 
re Port instead of the case numbers, as follows 
v h , case 1 , P G , case 2 , D C , case 3 , M S , 
c ^e4, AD , case 5 , A M , case 6 

m Fro ™ Department of Pathology and the Depart- 

Cnt of Obstetrics and Gynecology of Loyola IJniver- 
t ' Aool of Medicine and the Mercy Hospital Insti- 
tute of Radiation Therapy 

a ^ Schmitz, H E , Sheehan, J F , and Towiie, J 
J 0bst & Gynec 45 377, 1943 


Case 1 — A woman aged 46 entered the hospital 
complaining that she had noted abnormal vaginal bleed- 
ing during the three years preceding entry She had 
been pregnant five times and had borne 2 children 
The fallopian tubes and ovaries had been lemoved six 
or seven years before Microscopic examination of 
material removed from the. uterus by curettage revealed 
adenocai cinoma of the endometrium (grade 3) (fig 1) 
Combined roentgen and radium therapy was instituted 
The total dose of radium was about 4,500 milligram 
hours , the total dose of roentgen radiation was about 
4,000 roentgens (r) in the midpelvis The uteius was 
removed three months after the completion of the 
tieatment 

The uterus measured 10 4 cm in length and 7 by 
4 5 cm at the fundus The peritoneal covering was 
in part reddish tan and m part bright red and smooth 
except for several scattered torn red fibrous adhesions 
The myometrium was about 2 cm m thickness and 
contained one well demarcated mass of shiny white 
firm C horled tissue, 1 5 cm in diameter, in the pos- 
terior wall near the left cornu In the lower portion 
of the body immediately above the internal os and 
apparently extending down to involve the os there was 
a slightly raised mass with a flat, plateau-like top 
This mass measured 2 5 cm m length (in the long 
axis of the uterus) and completely encircled the lumen 
It was composed of rather firm, jellowish white tissue 
replacing the endometrium and the adjacent myome- 
tnum to a depth of 3 mm Its free aspect was covered 
by a thin layer of greenish yellow material The endo- 
metrium elsewhere in the body was less than 1 mm 
m thickness, smooth and tan or reddish tan 

The cervix was about 4 cm m length and 3 5 cm 
in diameter The margins of the external os were 
slightly reddened and granular Except for an occa- 
sional bright red patch the membrane covering the 
vaginal portion was normal The cervical canal was 
lined by a smooth yellowish white membrane The 
wall of the cervix was composed of pliable white tissue 
beneath a thm mucous membrane 

Routine sections were made and the _ absence of 
carcinoma established Later three parallel transverse 
incisions passing completely through the uterus were 
made These divided the uterus into four segments 
including the upper portion of the body, the lower por- 
tion of the body exclusive of the part adjacent to the 
internal os, the internal os and the portions of the 
body and of the cervix immediately adjacent, and the 
remainder of the cervix Each of these four segments 
was further divided by longitudinal incisions (m the 
long axis of the uterus) so placed that in blocks about 
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Fig 1 (case 1) — Microscopic appearance o£ the adenocarcinoma of the endometrium eradicated by radiatio: 
therapy All parts of the tumor included m the sections examined had a similar appearance X 436 

Fig 2 (case 3) — Microscopic appearance of the adenocarcinoma of the endometrium eradicated b> radiatio: 
therapy Most of the tumor was adenomatoid in type In several areas, however, the pattern resembled tha 
shown in figure 1 The structure of the tumor in cases 2 and 4 was varied Patterns similar to those show: 
in figures 1 and 2 were revealed in each instance In addition, in case 2 distinctly papillary areas were found 
X 455 

Fig 3 (case 2) — Typical radionecrotic plaque in the innermost part of the wall of the uteius The plaqu 
projects slightly into the uterine cavity above It is well demarcated from the underlying mvometrium Excep 
for changes in small arteries near the plaque, the myometrium is essentially the same adjacent to the plaqu* 
as at a distance from it Note the absence of granulation tissue along the periphery of the plaque X 16 
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4 ram in thickness all of the mucosa and as much as 
possible of the entire thickness of the wall were 
included In the segments of the body of the uterus 
this was not feasible Hence only the inner 1 8 cm 
of the myometrium appeared in the blocks Separate 
sections were made of the serosa and of the outer 
portion of the myometrium The blocks were fixed 
in Bourn’s fluid or in 4 per cent solution of formal- 
dehyde Paraffin sections from the surface of each 
block were prepared, then each block was cut approxi- 
mately half way through, and additional sections were 
made Thus the entire endometrium and endocervix 
with the tissues adjacent were sectioned at intervals 
no greater than 2 mm The preparations were stained 
with hematoxylin and eosm When indicated, Ver- 
hoeff’s elastic tissue stain and Masson’s trichrome stain 
for connective tissue were utilized 

Mtcioscopic Examination — (a) Upper Body The 
endometrium was thin the glands were few , some 
were cystically dilated In some areas the epithelial 
cells on the surface were low or tall columnar, but 
lor the most part they were cuboidal, with large round 
vesicular nuclei Many of these cells had rounded free 
margins projecting somewhat into the uterine cavity, 
giving a scalloped appearance to portions of the sur- 
face In some of these rounded cells vacuoles were 
found, often surrounding a pyknotic nucleus Ovei 
large areas no epithelial covering cells could be seen 
The epithelial cells lining the cystically dilated glands 
w ere flat or low cuboidal , those lining the more normal 
glands were for the most part markedly swollen and 
roughly cuboidal and contained large round or oval 
vesicular nuclei, the latter sometimes were arranged 
with long axes parallel to the lumens of the glands 
Many 0 f the nuclei were even more irregular Many 
contained prominent nucleoli In a few of the cystically 
dilated glands hemosiderin-laden macrophages or granu- 
lar red or brownish red material was noted 

The endometrial stroma was fairly thin even where 
the endometrium passed outward for a short distance 
between muscle bundles Between these prolongations 
it was particularly thin, often only five fibroblast-like 
cells thick In areas in the most superficial portion of the 
endometrium there was definite edema, the connective 
tissue cells were flattened, elongated and separated by 
spaces Their long axes were arranged parallel to 
the surface Deeper the stroma-> cells were normal in 
appearance and were not abnormally separated In a 
rare area a small irregular hyaline mass intermixed 
with red cells was noted in the endometrium The 
overlying epithelial cells were in part swollen and baso- 
philic, their long axes were parallel to the surface 
Near the hyaline deposit the endometrium was edema- 
tous and infiltrated bv numerous lymphocytes, mono- 
cvtes and plasma cells, with fewer neutrophils and 
eosinophils intermixed Elsewhere the endometrium 
either showed no cellular infiltration or was infiltrated 
b' a few lymphocytes 

Near the small hyaline mass in the endometrium, 
some of the muscle bundles of the upper part of the 
mvometrium were partially hyalinized Among these, 
clumps of plasma cells and of red cells were found 
Elsewhere the muscle bundles of the myometrium ap- 
peared normal or somewhat larger than normal There 
'jas no increase m the connective tissue between them 
A few small clumps of plasma cells were scattered 

iroughout the myometrium m the section, even deep m 
' A few small foci of leiomyoma were encountered , in 

ie smaller ones the neoplasm was cellular, with nuclei 
c osely set, owing to the small amount of cytoplasm 


in the individual cells, in the larger ones it was par- 
tially hyalinized 

Fairly numerous small arteries (137 microns or less 
in external diameter) with hyalinized walls were noted 
in the inner layer of the myometrium near the endo- 
metrium or m the lower layers of the endometrium 
itself In a few areas m the vascular middle layer of 
the myometrium larger arteries (500 to 900 microns) 
showed marked swelling of the internal elastic mem- 
brane, the so-called “vitreous change,” or an increase 
in elastic tissue in the adventitia Sometimes in the 
relatively wide expanses of altered elastic tissue result- 
ing from the degeneration of old larger arteries, new 
small arteries were found These arterial changes have 
been considered indicative of subinvolution of the uterus 
(Schwarz -) 

( b ) Peritoneal Coat Focal fibrous thickening of 
the connective tissues of the peritoneum covering the 
uterus was noted Torn fibrous adhesions were attached 
in areas Refractile material in contact with foreign 
body giant cells and a few lymphocytes were found m 
the fibrous tissues in the adhesions as well as in the 
foci of peritoneal thickening 

(c) Lower Body In this segment there was noted 
a portion of the necrotic mass seen grossly at the 
internal os and in the adjacent portion of the body 
The junction of this mass with the endometrium was 
also present in this segment At the time of the gross 
examination this mass was interpreted as being the 
carcinoma revealed by curettage or the scar at the 
former site of a completely destroyed cancer Micro- 
scopically it proved to be an area of coagulation necrosis 
simulating an infarct In the descriptions which fol- 
low, this mass will be referred to as the plaque 

The central, thickest portion of the plaque consisted 
of rather finely granular, in areas faintly fibrillary, 
pale eosinophilic material abutting on the uterine cavity 
In it were noted non-nucleated, ghostlike remnants of 
blood vessels and even more poorly defined outlines 
of muscle bundles Some of the arteries were 300 
microns or more in diameter Some contained discrete 
red cells and were not thrombosed In the deeper 
portion of this superficial zone a few neutrophils and 
many pyknotic muscle cell nuclei were present This 
thick necrotic zone rested on altered myometrium In 
the latter, two zones could be defined m areas, a deep 
zone of purely edematous myometrium with beginning 
atrophy of muscle fibers and a more superficial layer 
in which the muscle fibers were completely atrophic 
or necrotic and m which varying amounfs of hyaline 
material were deposited These two zones will be 
designated as the edematous myometrial zone and the 
hyaline-edematous myometrial zone respectively Each 
was about 0 5 to 1 mm in thickness The two zones 
were not always sharply separated The} were best 
defined m the sections from material fixed m solution 
of formaldehyde m contradistinction to those preserved 
in Bourn’s fixative 

The hyaline-edematous zone was usuall}, but not 
always, rather sharply marked off from the overling 
zone of necrosis In the hyaline-edematous zone onlv the 
nuclei of muscle cells presisted These were often found 
in vacuole-like spaces Around the blood vessels in this 
zone, and even around the vacuoles containing the 
nuclear remnants of muscle cells, irregularly distrib- 
uted, faintly fibrillary sheets of hyaline material were 
deposited In a few areas the deposits were dense 
enough to obliterate vacuoles and nuclei Scattered 
giant fibroblasts and endothelial cells were present in 

2 Schwarz, O H Am J Obst 79 63, 1919 
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the hyaline-edematous myometrial zone and less often 
in the edematous myometrial zone Because of the 
disappearance of muscle bundles and the persistence of 
blood vessels, a false impression of a zone of granula- 
tion tissue m the more superficial portion of the hyaline- 
edematous myometi lal zone was obtained Close sctu- 
tmy indicated that there was no new formation of 
blood vessels In fact, in many areas there was no 
suggestion of granulation tissue There was a well 
defined transition from normal myometrium to edema- 
tous myometrium, from the latter to a partially hya- 
limzed, edematous necrobiotic myometrium and finally 
from this hyaline-edematous portion to completely ne- 
crotic tissue (Compaie fig 8 in a previous article 3 ) 
Over large areas there was no cellular infiltration in 
any of these four lay ers Here and there in the hyaline- 
edematous myometrial zone (and even m the lower 
part of the completely necrotic layer) masses of red 
cells were seen In the same aieas there were deposits 
of hemosiderin or of hemosiderin-laden macrophages, 
sometimes accompanied by lymphocytes, monocytes and 
even eosinophils Over the free surface of this portion 
of the plaque no epithelium was encountered, but there 
was a sharp line of demarcation from the lumen At 
the junction of the plaque with the endometrium, how- 
e\er, the surface epithelium continued up over the 
plaque for a short distance The epithelial cells here 
were swollen and basophilic, their nuclei were swollen 
and hyperchromatic, with the long axes parallel to the 
surface A few neutrophils v'ere noted in the plaque 
just beneath the desquamating epithelial cells Near 
its junction with the endometrium the plaque was com- 
posed in areas of fused red cells, intermixed with 
neutrophils and fibrin, which penetrated beneath the 
surface epithelium of the adjacent endometrium and 
near the endometrium rested directly on the hyalinc- 
edematous myometrial layer Farthci away from the 
junction of plaque and endometrium, as the thicker 
portion of the plaque was approached, the typical 
infaict-like necrotic surface layer replaced the fused 
red cell material This, however, in places still re- 
mained superficial to the infarct-like zone of necrosis 
Near the junction of the plaque with the endometrium 
in the hyaline-edematous myometrial zone, hyalimzed 
necrotic muscle fibers, darker red than the other form 
of hyalm adjacent to them, were noted Definitely 
identifiable hyalimzed muscle fibers were noted only 
here m the margin of the plaque Elsewhere the hya- 
line material could not be definitely traced to altered 
muscle cells but seemed rather to have been deposited 
there from the blood stieam or to be altered blood clot 
Neither endometrium nor any identifiable portion of 
it appeared in the plaque except at the margin where 
the material of the plaque was continuous with similar 
material in the endometrium and where the surface 
epithelium continued from the endometrium up over 
part of the plaque Elsewhere the endometrium was 
histologically similar to the endometrium in the upper 
portion of the body of the uterus 
The changes m the myometrium m contact with the 
plaque have already been described Immediately be- 
neath the intact endometrium there was mild edema 
of the myometrium Occasionally a few monocytes 
were noted here Deep in the myometrium beneath 
the plaque a few small clumps of lymphocytes and 
monocytes were situated near blood vessels or lym- 
phatics A few small foci of leiomyoma (01 to 1 cm 
in diameter) weie seen m this portion of the myo- 

3 Sheehan, J F Arch Path 37 297, 1944 


metrium In the larger ones, varying degrees of 
hyalinization and of early cystic change were observed 
In the smaller ones, central hyalinization was not 
uncommon 

Marked changes were present in the arteries in the 
edematous and hyaline-edematous zones of the altered 
myometrium beneath the plaque 1 hese changes con- 
sisted of swelling of endothelial cells, often with mtimil 
edema and an infiltrate of lymphocytes, monocytes and 
even neutrophils and eosinophils, the presence in the 
mtima of red cells, discrete or fused, of foam cell 
plaques 3 and of fibrin deposits , necrosis of portions 
of the vessel u'alls, particular!} of the inner portions, 
and the presence of thrombi The arteries imohed 
measured 300 microns or more m diameter The size 
of the imohed arteries indicated th it the plaque extended 
fairlv deeply into the imomctrium and possibh explained 
why hyaline lntnnal thickening and complete hyalim- 
zation of the arterial w r alls, well known effects ot 
radiation treatment, were not common here In fact, 
these hyaline changes were seen only in the arterioles 
in the innermost layer of the myometrium beneath the 
edge of the plaque 

Several imometrial arteries with long axes per- 
pendicular to the surface were found running parallel 
to one anothci As they passed through the edematous 
and hyaline-edematous myometrial zones into the zone 
of complete necrosis, the changes listed in the fore- 
going paragraph occurred and were largely limited to 
the portions tra\crsmg the altered imometrial zones 
or the tissues immediately adjacent These changes 
were quite similar m the -various arteries and were 
most pronounced near the zone of necrosis 

(if) Internal Os The plaque was found throughout 
this segment, which included the portions of the body 
and of the cervix lmincdiateh adjacent to the internal 
os An excellent oppoitumty was afforded to contrast 
the changes m the plaque and the adjacent tissues near 
the cerv ical termination of the plaque w ith those occur- 
ring in the utenne body near the upper termination ot 
the plaque Toward the uterine bodi the structure of 
the plaque and of the two subjacent altered myometrial 
zones and the tv pc and the location of the arterial 
changes were the same as those reported m the de- 
scription of the lovvei portion of the bodv of this 
uterus 

Toward the cervical side the hyaline-edematous zone 
was much moie compact — in areas, in fact, not edema- 
tous at all Superficial to it in aieas was a granular 
necrotic zone, surmounted m turn by a laver of old 
blood clot In the hyaline zone near the cervical ter- 
mination of the plaque was a ceivical gland with 
swollen, basophilic, poorly outlined, desquamating cells 
Most of the nuclei m the gland weie pyknotic 

Deep to this fanly dense hyaline zone, instead ot 
a fanly wide edematous zone to correspond with the 
edematous myometrial zone there was a narrow zone 
of partially hy r alinized fibromuscular tissue In some 
of the slides this zone was continuous toward the cer- 
vical side with an area of loose structure filled with 
masses of red cells and hemosiderin, free or m macro- 
phages Plasma cells were abundant in the same area 
Portions of dilated, partly neciotic arteries were seen 
in this same area Some were filled with partially 
organized clot of an orange color, others contained 
discrete red cells Hemorrhage undercut part of the 
endocerv'x at the lower margin of the plaque There ( 
were masses of red cells and of plasma cells here 
Elsewhere the endocervix was mildly edematous and 
infiltrated by a few lymphocytes The glands in it 
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near the plaque were composed of swollen, basophilic 
cuboidal cells with large round nuclei and did not 
secrete mucus On the surface were a few cuboidal 
epithelial cells 

The edge of the plaque extended beneath the surface 
epithelium of the cervical canal in areas at least The 
surface epithelium extending up over the edge of the 
plaque was composed of club-shaped cells, the free 
margins of which ‘were ballooned out Deep down in 
the wall of the cervix, extending from the area of 
recent and old hemorrhage, were clumps of plasma 
cells and of hemosiderin-laden macrophages, probably 
in or around lymphatics 

In contrast to the changes noted in arteries near 
the upper termination of the plaque in the body of 
the uterus, hyaline intimal thickening with or without 
occlusion and hyalmization of vessel walls were much 
more prominent in the cervical tissues immediately 
adjacent to the plaque and particularly near its lower 
edge Here masses of hyalimzed arteries were noted 
Most of these were less than 300 or 350 microns m 
diameter In addition, deeper m the wall of the cervix 
were notable vascular changes dilated arteries with 
necrosis of parts of their walls , foam cell plaques , 
fibrin deposits in the intima , even hemosiderin and 
hyaline material in the intima Occasionally fibro- 
blastic intimal thickening was present Some small 
arteries (about 100 microns) had completely hyalin- 
lzed necrotic walls The adventitia was edematous and 
infiltrated by lymphocytes, monocytes and occasionally 
bv other cells as well 

( e ) Cervix The stratified squamous epithelium was 
absent in areas near the external os Beneath one 
such denuded area there was hyalmization of a small 
portion of the fibromuscular coat Masses of red cells, 
lvmphocytes and monocytes infiltrated this area, and 
pronounced vascular changes, including necrosis of 
dilated arteries and hyaline necrosis of walls of other, 
undilated arteries, occurred 

Beneath the stratified squamous epithelium, as well 
as beneath the columnar epithelium, were well defined 
Ijmphoid follicles and, in areas, massive diffuse infiltra- 
tion by lymphocytes and plasma cells Fewer neutro- 
phils and eosinophils were present The epithelial cells 
of some of the cervical glands had swollen pale nuclei , 
others contained pyknotic nuclei The fibromuscular 
coat was definitely not diffusely hyalinized 

Summary — The observations included small intra- 
mural foci of leiomyoma, atrophy of the endometrium, 
focal chronic endometritis , radionecrosis of part of the 
wall of the uterus at the level of the internal os , 
marked radiation changes in arteries near the area of 
necrosis, mild chronic metritis, marked chronic cer- 
Mcitis, focal chronic perimetritis with foreign body 
giant cell reaction, no evidence of carcinoma 

Case 2 — The patient, aged 52, complained of vaginal 
bleeding during the six months preceding admission to 
the hospital There had been three normal deliveries 
and no miscarriages The menopause had occurred 
eight vears before, and there had been no vaginal 
bleeding since until the onset of the present illness 
Mtcroscopic examination of uterine curettmgs revealed 
papillary adenocarcinoma of the endometrium (grade 2) 
Combined roentgen * and radium therapy was instituted 
(6,000 milligram hours of radium and 4,000 r of roent- 
gen radiation in the midpehis) About five months 
after the completion of this treatment the uterus was 
removed 

The uterus measured 7 S cm m length and 4 8 by 
3 cm at the fundus The serosa was smooth and 


glistening, its color was pinkish tan The myometrium 
was about 1 4 cm thick and composed of fibrillary, 
pale grayish tan tissue At the level of the internal 
os there was an irregular mass on the mucosal aspect, 
0 8 cm in diameter, extending 0 5 cm above the sur- 
rounding mucosa This plaque was composed of soft 
grayish brown or pale greenish brown tissue Theie 
was no gross extension of this tissue into the myo- 
metnum or the adjacent pale grayish white tissues of 
the cervical wall Projecting into the uterine cavity 
from the endometrium of the fundal portion was a 
soft polypoid mass of pale grayish brown tissue, mea- 
suring 11 by 0 8 by 0 4 cm Elsewhere the endometrium 
was pale pinkish tan and 1 6 mm thick The cervix 
measured 3 6 cm in length and 3 4 cm in diameter 
The external os was mildly patulous, its margins, 
irregularly stellate The mucous membrane of the 
vaginal aspect was smooth and pinkish gray except at 
the external os, where it was finely granular and pink- 
ish tan 

The body of the uterus was divided longitudinally 
into two unequal halves Microscopic examination of 
sections taken at that time revealed no carcinoma 
Later the smaller unequal half was cut into numerous 
blocks by parallel incisions passing obliquely through 
the entire wall The cuts were so spaced that all of 
the endometrium was contained on the 4 mm thick 
edges of the blocks Sections from this portion were 
labeled Body” The rest of the uterus was divided 
into three transverse slabs labeled “Upper Body,” 
“Lower Body” and “Cervix ” These were later sub- 
divided longitudinally and sections obtained m a man- 
ner similar to that in which sections were prepared 
in case 1 

Micioscopic Examination — The changes observed m 
the slides labeled Body” and “Upper Body” were 
similar and will be described together 

(a) One-Half Body Upper Body The endometrium 
resembled that of the uterus in case 1 There was 
definite atrophy The glands were reduced in number 
and widely separated Some were cystically dilated 
In the more superficial portion of the endometrium 
the well preserved fibroblast-like stromal cells were 
separated somewhat (mild edema) The epithelium in 
the glands and on the surface resembled that in case 1, 
but the constituent cells weie not so swollen Some 
of the cystically dilated glands contained red blood 
cells or hyaline globules Some of the latter were 
large and resembled corpora amylacea There were in 
areas a few lymphocytes, plasma cells, monocytes and 
red cells 

The inner half of the mjmmetrium seemed much 
more compact than the outer half In the inner half 
the muscle cell nuclei were much closer together than 
normally This appearance was interpreted as indi- 
cating atrophy of these cells At least the cytoplasm 
was reduced in volume In the outer half there was 
considerable separation of the muscle and connective 
tissue elements, probably signifying edema In the 
outer half, just beneath or extending into the serosa 
were a few calcospheroids and a few small glandhke 
spaces lined by mesothelium or epithelium No endo- 
metrial stroma was noted around these glandhke struc- 
tures The serous coat was otherwise normal A rare 
clump of lymphocytes was seen deep in the myometrium 

(b) Lower Body In the middle coat of the myo- 
metrium, arterial changes characteristic of submvolu- 
tion (compare case 1) were observed Near the 
endometrium there were only a few hvahmzed, unoc- 
cluded arterioles 
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In some sections a plaque similar to that m case 1 
was m evidence (fig 3) It was composed of a fairly 
wide zone of necrotic tissue in which the faint pattern 
of blood vessels, of muscle bundles and even of a few 
glands with swollen epithelium was still visible, par- 
ticularly m the deeper portions Masses of red cells 
were present in some parts The necrotic zone was, 
however, much more compact, more hyaline-appearing 
than the corresponding zone m case 1 The necrotic 
layer was rather sharply demarcated from the under- 
lying myometrium No definite partially hyalmized, 
edematous myometrial zone was noted In areas the 
necrotic material rested directly on apparently norma! 
myometrium or myometrium in which only a few 
hyalmized muscle fibers could be seen Elsewhere a 
narrow zone of edematous myometrium containing par- 
tially atrophied muscle fibers was present Bizarre 
fibroblasts, few in number, were located in the lower 
part of the necrotic layer rather than in the edematous 
myometrial zone The latter was infiltrated in a few 
areas by small numbers of lymphocytes, neutrophils, 
hemosiderin-laden macrophages, monocytes and eosino- 
phils A few small calcospheroids were also noted in 
the myometrium at the margin of the plaque There 
were areas at the junction of the myometrium and the 
plaque where no cellular infiltration could be found 
Superficial to the infarct-like layer were masses of 
fused red cells (old hyalmized clot) with a few neutro- 
phils and large calcified globules The plaque extended 
into the adjacent endometrium at its margin The 
surface epithelium of the latter extended up over the 
edge of the plaque The epithelial cells in this exten- 
sion were swollen and contained fairly large pyknotic 
or hypercliromatic elongated nuclei, the long axes of 
which were parallel to the surface 
Where the plaque met the endometrium a few lym- 
phocytes and hemosidenn-laden macrophages were pres- 
ent in the endometrium 

In the myometrium adjacent to the plaque there were 
vascular changes These consisted predominantly of 
hyalimzation and thickening of the ultima In some 
arteries the media was swollen, hyalmized and even 
infiltrated by neutrophils A few' had swollen endo- 
thelial cells with or without lymphocytes and foam 
cells in the intima Some arteries showed red cells 
in their walls Rarely, mild fibroblastic mtimal thick- 
ening was encountered Deep in the myometrium a 
few small clumps of lymphocytes appeared m contact 
with the walls of veins or the lymphatics 

(c) Cervix The plaque appeared in these sections 
also Here, too, it was compact, rather densely hyaline 
but with a suggestion of whorled muscle bundles in its 
deeper part A few necrotic blood vessels with discrete 
red cells in the lumens were found in it The plaque 
w'as rather sharply demarcated from the adjacent viable 
fibromuscular tissue, which showed little if any hyalini- 
zation In parts of the base of the plaque and in the 
adjacent fibromuscular tissues there were clumps of 
lymphocytes and hemosiderin Elsewhere no cells w'erc 
noted adjacent to the plaque 
Near the plaque the arteries showed mainly hyaline 
mtimal thickening and varying degrees of hyalimzation 
of the medial coat Farther from the plaque, even 
deep down m the fibromuscular coat, arterial changes, 
much more varied, were seen, such as dilatation and 
necrosis, subendothelial presence of lymphocytes and 
fibrin, presence of foam cell plaques and mtimal hya- 
hmzation Clumps of lymphocytes, monocytes and 
eosinophils were found near blood vessels throughout 
the wall of the cervix 


Beneath the edge of the plaque cervical glands were 
identified No cellular infiltration was seen m the 
poorly defined adjacent endocervical stroma Some of 
the cervical glands at the edge of the plaque were 
dilated, contained thick mucus and were lined by flat- 
tened epithelium Other dilated glands were lined by 
low columnar epithelium Most of the surface colum- 
nar epithelium was replaced by a thin layer of fibrin 
and red cells No other cells were found with the 
red cells 

Summary — The observations included an area oi 
radionecrosis at the internal os with vascular changes 
in adjacent tissues, atrophy of the endometrium, par- 
tial atrophy of the inner half of the myometrium, mild 
chronic metritis , a completely necrotic polyp in the 
body of the uterus with a rare identifiable epithelial 
cell in it, chronic cervicitis, no evidence of carcinoma 

Case 3 — A woman aged 38 complained of vaginal 
bleeding, menorrhagia of one and a half years’ dura- 
tion, metrorrhagia of ten months’ duration and severe 
hemorrhage occurring seventeen days before She had 
been pregnant twice and had two children By curet- 
tage a diagnosis of adenocarcinoma of the endometrium 
(grade 3) was established (fig 2) A total dose of 
roentgen radiation of 4,000 r m the midpelvis was given 
m divided doses, along with a total dose of radium 
of 6,000 milligram hours About eight months after 
completion of this therapy the uterus, tubes and ovaries 
were excised 

The uterus measured 10 7 cm m length and 7 5 by 
5 5 cm at the fundus The serosa was pinkish tan, 
smooth and glistening The myometrium was 3 2 cm 
in thickness, fibrillary and pale grayish tan In the 
lower portion of the body was a plaque of soit, yellow- 
ish gray to yellowish tan tissue extending complctclv 
around the lumen It rose about 0 4 cm above the 
surrounding endometrium The plaque was 3 3 cm in 
length (in the long axis of the uterus) It extended 
downward into the upper part of the cervical canal 
It extended outward into the wall of the uterus to a 
depth of no more than 0 5 cm It was well demarcated 
from the myometrium 

The cervix measured 3 5 cm in length and was 3 cm 
m diameter, roughly globoid The cervical os was 
patulous, its margins, stellate 

The uterus was cut into a multitude of blocks The 
method of obtaining the blocks and the final individual 
slides has already been described m this paper (case 1) 
Just as m case 1, the entire thickness of the my'ometrium 
of the body could not be included in the same section 
with the endometrium , only the inner 1 5 cm of the 
myometrium was retained with the endometrium Sepa- 
rate sections of the serosa and the outermost portion 
of the myometrium were prepared 

Micioscoptc Erammatioii — (a) Upper Body The 
endometrium was thin and contained few glands The 
connective tissue cells of the lamina propria were thin 
and elongated, with long axes parallel to the surface 
They were separated by spaces (edema), particularly 
m the more superficial portion of the mucosa The 
endoinetrjum was infiltrated by plasma cells with fewer 
monocytes, lymphocytes, eosinophils and hemosiderin- 
laden macrophages In areas masses of plasma cells, 
often alongside masses of red cells, were seen The 
few glands present were lined by flattened epithelium 
Much of the surface epithelium was absent Columnar 
epithelial cells and swollen cuboidal cells predominated 
in the areas still covered by' epithelium In the 
large cuboidal cells there were vacuoles, often con- 
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taming linearly compressed nuclei with long axes per- 
pendicular to the surface In areas some islands of 
stratified squamous epithelium with spines but without 
cormfication were identified In other areas low cuboi- 
dal cells with deeply basophilic elongated nuclei with 
long axes parallel to the surface were present In a 
few areas the free borders of the surface epithelial 
cells were convex toward the lumen, giving a scalloped 
appearance to the free surface of the epithelium 

Except near the endometrium, the myometrium was 
composed of normal or possibly of somewhat enlarged 
muscle fibers, arranged in bundles Between these 
there was a moderate increase in the amount of con- 
nective tissue Some of the muscle fibers near the 
endometrium were mildly hyahnized and separated a 
little from one another by small spaces (edema?) In 
a rare area there was marked hyalinization of some 
of the muscle bundles near the endometrium Here 
considerable plasma cell infiltration was noted Clumps 
of plasma cells were also seen somewhat deeper in 
the myometrium 

There was complete hyalinization of many of the 
small arteries (100 microns or less in diameter) in 
the myometrium near the endometrium Some of these 
were occluded In larger arteries, only the internal 
layers of the wall were hyalimzed 

The serosa was essentially normal 

(b) Lower Body The plaque noted during the 
gross examination was found in all of the section 
of this segment of the uterus No endometrium was 
present 

The plaque was composed over large areas of a fairly 
thm surface layer of fibrin and neutrophils and immedi- 
ately subjacent, a layer of old hyalimzed blood clot (or 
fused red cells) Deep to this lay a zone of partially 
hyalimzed, edematous, necrobiotic myometrium (fig 4) 
and finally, still deeper, a zone of edematous myometrium 
with some degree of atrophy of the individual muscle 
cells The last two zones were 0 5 to 1 mm thick 
respectively In the hyaline-edematous zone near the old 
clot giant bizarre fibroblasts and endothelial cells were 
so prominent as to give the impression of definite granu- 
lation tissue extending into the clot (fig 4) There did 
seem to be some increase in the number of capillaries 
here, and so it is probable that true granulation tissue 
was present The hyaline material in this zone was 
paler than that in the old clot adjacent and seemed to 
be deposited along capillaries m particular, as w'ell as 
along individual necrotic muscle fibers It was difficult 
to decide whether or not this hyalin was not part of the 
denser old hyaline clot adjacent to it Sometimes in 
this zone definitely hyahnized, not swollen, muscle cells 
with fading nuclei were seen but they were not numerous 

The surface clot was present throughout all of the 
sections There were no ghosts of former endometrial 
or mjometrial structures in the surface necrotic layers 

For the most part there were no inflammatory cells in 
the edematous m> ometrial zone or m the lower part of the 
hj ahne-edematous zone In the upper part of the latter 
zone, however, there was usually mild to moderate infil- 
tration bv lymphocytes and monocytes, with fewer 
neutrophils, eosinophils and hemosiderin-laden macro- 
phages (fig 4) Red cells in masses were not uncom- 
mon m this zone In a few parts of this zone masses 
of plasma cells and of hemosiderin occurred and seemed 
to overflow into the adjacent edematous myometrial 
zone or even into the neighboring more normal 
myometrium 

The fibroblasts and even the endothelial cells of the 
capillaries m the upper part of the hyaline-edematous 
zone were most bizarre, they were spindle shaped, tri- 
angular, stellate or even more irregular, they had dark 


cvtoplasm and giant nuclei, single or multiple The 
giant nuclei were often hyperchromatic, sometimes 
pyknotic, appearing as dark basophilic smudges, at times 
even coarsely vacuolated The cytoplasm of the same 
cells in some instances contained vacuoles or even 
neutrophils 

Down through the myometrium beneath the plaque, 
clumps of lymphocytes and monocytes were observed 
near vascular channels 

Vascular changes were most prominent m the edema- 
tous myometrial zone and consisted mainly of complete 
or partial hyalinization of the walls of very small arteries 
(100 microns or less), sometimes with occlusion, and 
mtimal hyalinization in larger arteries In the hyaline 
material m some of the hyahnized vessels pale areas or 
vacuoles could be seen 

(c) Internal Os The plaque appeared also in the 
sections from this segment of the uterus For the most 
part, the tissues beneath it were composed of the same 
layers as m the lower body segment Toward the cervix, 
however, the hyaline-edematous zone became more hya- 
line and compact, and the subjacent edematous zone 
disappeared In a few areas the layer of fibrin and 
neutrophils on the surface dipped down into the layer of 
old hyahnized clot, replacing varying thicknesses of it 
and in at least one area replacing the entire layer of clot 
and even the uppermost part of the hyaline-edematous 
zone Where this event occurred there were in the 
hyaline zone definitely hyalimzed muscle fibers, much 
more numerous than were seen in any other area Some 
of these hyaline muscle fibers had faintly staining nuclei 
and appeared somewhat like partially autolyzed fibers 

A second change was noted in this same area fibrinoid 
necrosis of walls of small blood vessels In other words, 
the walls seemed to be composed entirely of fibrin or 
fibrin-like material, internal to which m areas swollen 
endothelial cells could be seen Discrete red cells were 
present in some of these vessels, clots, in others To- 
ward the body of the uterus the arterial changes were 
most pronounced in the edematous myometrial zone and 
consisted mainly of hvalmization Toward the cervix, 
even though still in the myometrium, the arterial changes 
were more diversified Dilated, partially necrotic 
arteries with hemosiderin around them were noted in 
the edematous myometrial zone or on either side of it 
Massive plasma cell infiltration occurred here, along 
with the hemosiderin Other changes included hyaline 
deposits m the intima, fibrin, or lymphocytes, monocytes 
and other cells m the intima, foam cell intimal plaques 
and even hyaline deposits mixed with hemosiderin in 
the intima Where fibrin and neutrophils replaced the 
laver of old clot and the upper part of the hyalme- 
edematous zone, fibrinoid necrosis of blood vessels 
ensued in the hyaline zone, and the changes already 
described m the larger arteries occurred in the sub- 
jacent tissues In general, toward the cervical side 
arterial changes were located at greater distances from 
the necrotic plaque than they were on the uterine body 
side 

Throughout the wall of the cervix, adjacent to the 
plaque, small clumps of cells, mamly plasma cells, could 
be found along the course of blood vessels In the 
mj ometrium the clumps were composed predominantly of 
1) mphocytes 

The portions of endocervix seen in these sections were 
covered by a layer of stratified squamous epithelium in- 
stead of columnar Some of the cervical glands were 
lined by columnar, mucin-secreting cells, others, by 
swollen columnar cells which did not secrete mucus 

(d) Cervix There was no evidence of a plaque m any 
of the sections labeled “Cervix” However, the canal 
was lined by stratified squamous epithelium, beneath 
which accumulations of plasma cells and lymphocytes 
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(Sec legends on opposite page) 
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with a few neutrophils and eosinophils could be found 
Where the stratified squamous epithelium was par- 
ticularly thin, well defined lymphoid follicles had formed 
In areas beneath the stratified squamous epithelium 
covering the vaginal aspect, some focal hyalimzation of 
the fibromuscular coat and accumulations of red cells 
were found 

There was no hyalimzation of the connective tissues 
around the cervical glands Some of the latter were 
lined by columnar, mucus-secreting cells , others, by 
swollen cuboidal epithelial cells with large nuclei A 
few glands were cystically dilated 

Toward the upper end of the portions of the cervical 
canal which appeared m these sections numerous arteries 
showed the effect of radiation and were similar to those 
described under the heading “Internal Os” Even 
thrombosed arteries were encountered Along the blood 
vessels or lymphatics in the wall of the cervix were 
clumps of plasma cells with lymphocytes or monocytes 
or both intermixed 

Summary — The observations included an area of 
radionecrosis at the level of* the internal os with marked 
vascular changes in the adjacent tissues, atrophy of the 
endometrium, focal squamous metaplasia of the colum- 
nar epithelium of the endometrium , chronic endometritis, 
chronic metritis, diffuse fibrosis of the myometrium, 
possibly mild muscular hypertrophy of the body of the 
uterus , marked chronic cervicitis , bilateral chronic 
salpingo-oophontis and pensalpingo-oophoritis , small 
left hydrosalpinx, atrophy of the ovaries, no evidence 
of carcinoma 

Case 4 — An unmarried woman, aged 65, consulted her 
physician because of an odorless, waterv , at times blood- 
tinged vaginal discharge which had been present for 
three months The menopause had occurred twelve 
rears before The curettement revealed adenocarcinoma 
of the endometrium (grade 2) The standard radiation 
therapy was given — radium, 6,000 milligram hours , 
roentgen radiation, 4,000 r, in the midpelvis A hysterec- 
tomy was made about four months after the therapy 

The uterus was received in fiv e pieces The largest of 
these measured 5 3 by 3 6 by 2 5 cm and apparently 
comprised the greater portion of the body Another 
piece, measuring 4 5 by 3 by 1 6 cm , included all of the 
cervix The external os was widely dilated, the mar- 
gins were thm, dark grayish red or reddish tan The 
cervical canal was lined by friable, dark greemsh gray 
or reddish gray material, 1 mm thick Where identified, 
the serosa over the body was pinkish tan and smooth 
Over large areas it was absent, and shaggy torn 


myometrium was exposed The endometrium in the 
body was rough, somewhat shaggy, greemsh gray to 
reddish gray and thickened in one area, where it 
measured 0 6 cm m diameter The myometrium was 
pale grayish tan, fibrillary and 1 4 cm in thickness In 
it several firm, well demarcated masses of glistening, 
grayish white whorled tissue were found A mass of 
similar tissue, 2 by 1 5 by 1 cm , was received separately 
The central portion of this mass was calcified Finally, 
a separate strip of peritoneum and smooth muscle, 
apparently from a cornu of the uterus, was also received 

The largest portion of the uterus received, apparently 
the major portion of the body, was cut into two trans- 
verse slabs, each of which was divided by numerous 
longitudinal incisions into blocks about 4 mm thick, 
which included the entire wall Since it was impossible 
to be certain which portion of the mass was the fundus 
and thus to orient the slabs, the sections from them 
were labeled “Body 1” and “Body 2” respectively The 
cervix was divided by longitudinal incisions into blocks 
which included the entire wall Slides w'ere made frpm 
these blocks m the same manner as in the preceding 
cases 

Mictoscopic Examination — (a) Body 2 A plaque, 
somewhat similar to those described m the previous 
cases, was found in the sections from this segment The 
most superficial layer was made up of old hyahmzed 
clot with many neutrophils In areas much fibrin was 
intermixed In the myometrium beneath this layer a 
fairly wide hyalme-edematous zone, not sharply demar- 
cated from an underlying edematous zone, was seen In 
the hyaline-edematous zone and lower portion of the 
adjacent clot, fibrinoid necrosis of small vessels was 
apparent In this and the adjacent edematous myometrial 
zone there were areas of only mild infiltration bv 
lymphocytes, monocytes, neutrophils, plasma cells and 
eosinophils Elsewhere the infiltration by these cells 
was much more pronounced, and considerable hemo- 
siderin, free or in macrophages, and numerous red cells 
were often intermixed In some areas beneath the sur- 
face clot a thin zone of edematous myometrium and 
atrophic muscle fibers were particularly heavily infil- 
trated by these cells Here also several bizarre giant 
fibroblasts were seen In the areas where a definite 
hyaline-edematOus zone was in evidence, definite transi- 
tions from normal muscle fibers to thin atrophic muscle 
fibers to naked muscle cell nuclei could be traced As the 
stage of naked nuclei was approached, there was increas- 
ingly larger deposits of hyalin around them This 
hyalin was pale m contrast to the darker red hyaline 
material in the adjacent clot 


Explanation of Figures 4, 5 and 6 

Fig 4 (case 3) — Hyalme-edematous myometrial zone (pale lower part of field) at the junction of the myo- 
metrium with the plaque The infarct-like area of necrosis of the typical plaque (fig 3) is replaced by masses 
of fused red cells or old clot (the dark material m the upper part of the field, particularly the right upper 
corner) Note the pale hyaline material around blood vessels and along necrobiotic muscle fibers in the hyalme- 
edematous zone There is a definite suggestion of granulation tissue here and mild infiltration, the infiltrating 
cells being predominantly lymphocytes and monocytes X 205 5 

Fig 5 (case 4) — Small arteries deep in the wall of the cervix In the artery to the left a somewhat folded 
loop of fibrin (dark band) surrounds the narrowed lumen There are edema and deposition of hyalin in the 
ultima and the inner part of the media with a few neutrophils m the hyaline material There are large deposits 
oi hyalin m the mtima and the media of the artery in the right half of the field There are no identifiable 
endothelial cells around the narrow lumen 

Fig 6 (case 6) — Necrosis of the superficial portion of the endometrium with deposition of fibrin and massive 
neutrophilic infiltration The space in the right upper corner represents the uterine cavity The stroma of the 
deeper portion of the endometrium, around the bases of the glands, is edematous and infiltrated by lymphocytes, 
Plasma cells and monocytes as well as by neutrophils Note the radiation changes m the epithelial cells of the 
endometrial glands (nontumorous) A small portion of the myometrium appears in the lower left corner of the 
field The muscle fibers show little deviation from the normal X 156 5 
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The endometrium thioughout the bod), e\en at a 
distance from the plaque, was completely replaced b> a 
layer of neutrophils and old h>alini7ed blood clot e\cept 
in a rare small area Sometimes the innermost portion 
of the myometrium was likewise leplaced by this ma- 
terial In the tissues adjacent to this necrotic surface 
layer w'ere numerous plasma cells, monocytes and 
hemosiderin-laden macrophages, as well as hemosiderin 
deposits In some spots the cellular infiltration and the 
deposits w'ere massiie The rare island of surface 
endometrium identified was thin and showed loss of 
much of the suiface epithelium A few groups of 
mildly swollen, pseudostrati fied columnar cells weie 
still attached Onl) a rare gland was seen These weie 
c)stically dilated and lined by flattened epithelium The 
stroma was composed of attenuated, elongated connec- 
tive tissue cells, rather yvidely separated (edema) The 
stroma w r as diffusely infiltrated b> hniphocy tes and 
plasma cells Numerous red cells were present 


nuclei Other glands were crsticalh dilated and lined b\ 
flattened epithelium Some of the glands contained 
monoc) tes and ly mphoc\ tes or monocw tes and red cells in 
their lumens 1 he stroma of the ectopic endometrial 
tissue was in some areas compact in others edematous 
or somewhat atrophic but not fibrotic In the stroma 
m some of the islands of ectopic tissue plasma cells and 
hemosiderin were encountered In the tmomctrmm be- 
neath the plaque small clumps of lymphocytes were 
located along lymphatics or blood yesscls In the upper 
edematous, partially hyahnized myometrial zone and in 
the surface /one of complete necrosis with old hemor- 
ihage, fibrinoid necrosis of small blood \essels occurred 
Deeper c\en in the more normal imomctrium, but more 
often in or near the edematous imomctnal zone were 
a few Inalinizcd small arteries and also arteries with 
cells and fibrin or foam cell plaques m the mtima There 
was onh a rare h\alini7cd arteriole near the endo- 
metrium 



Fig 7 (case 1) — Representative section of the myometrium There is no muscular atrophy In fact, the 
muscle fibers in the section from which this photomicrograph was made seemed someudiat larger than normal 
X 125 

Fig 8 (case 4) — Atrophic ectopic endometrium in the myometrium (m the lowei half of the field) tuehe 
years after the menopause and four months after the completion of ladiation therapy X 125 


The muscle bundles of the myometrium were of normal 
size The individual muscle cells showed little deviation 
from the normal except near the endometrium or near 
the surface necrotic laver, where hyahmzation and even 
some gradual necrosis occurred Here there w T as infil- 
tration by the cells already previously listed, particularly 
by plasma cells In the my'ometrium small foci of 
leiomyoma w'ere seen, some partially' hy'alinized In ad- 
dition, numerous islands of ectopic endometrial tissue 
were identified beneath the plaque and elsewhere as well 
(fig 8) Those beneath the plaque w'ere composed 
predominantly of endometrial stroma How’ever, a few 
glands were seen in this location These contained 
swollen cuboidal epithelial cells with large vesicular 


(b) Body 1 Another portion of the plaque just de- 
scribed appeared in the sections from this segment of the 
uterus Much of the plaque had the same composition 
as the poition described already Howerer, in one 
area the whole top of the plaque appeared autolj'zed and 
w r as teeming with bacteria Beneath this bactena- 
laden laver, a mass of fibrin and neutrophils rested 
directly on a wide zone of markedly edematous mro- 
metiium, which extended almost to the serosa There 
was massne diffuse neutrophilic infiltration of almost 
the entire uteune yvall here In that part of this edema- 
tous myometrium near the layer of neutrophils and 
fibrin, definite groups of hyaline muscle fibers or 
muscle fibers showing gradual attenuation could be 
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observed Vascular changes m this region were not 
notable Those which occurred consisted mainly of 
edema of the entire arterial wall with mild infiltration by 
neutrophils, particularly in the intima A few arteries 
at the edge of the plaque were thrombosed Toward 
the cervix, arteries with hyaline intimal thickening could 
be found but even here there were a few neutrophils 
in the walls In general, greater neutrophilic infiltra- 
tion was found m arteries here Fibrin and red cells 
were noted in the outer myometrium near the serosa in 
one region and clumps of lymphocjtes and plasma cells 
near it m other areas No fibrin was seen on the serosa 

(c) Cervix No mucous membrane was identified any- 
where, it was replaced by a layer of necrotic, amor- 
phous debris and fused red cells or old hyalimzcd clot 
This passed directlj over into the fibromuscular laver 
The latter near the surface was hyalmized m spots and 
rather massively infiltrated by monocytes, lymphocytes 
and plasma cells with fewer neutrophils and eosino- 
phils Small clumps of plasma cells were found deep 
m the cervix 

Vascular changes were marked, particularh near the 
upper end of the canal Fibrin and cells appeared m 
the thickened intima of some arteries, hyaline necrosis 
and neutrophilic infiltration of the walls took place in 
others Thrombosis was not uncommon Acute diffuse 
inflammation of the walls of small veins was also seen 

Summary — The observations included Acute gan- 
grenous endometritis and endocervicitis with extension 
of the inflammatory process into the adjacent myome- 
trium and the fibromuscular coat of the cen ix m areas , 
a plaque of radionecrosis at the level of the internal os 
with secondary bacterial imasion, chronic metritis and 
cervicitis, acute diffuse metritis near the internal os, 
radiation changes in blood vessels near the plaque, 
multiple small intramural foci of leiomyoma, ectopic 
endometrium m the mj ometrium , no ev ideiice of 
carcinoma 


Case 5 — A patient aged SO entered the hospital com- 
plaining of a thick white vaginal discharge and of 
vaginal bleeding The white discharge had been present 
for one month, the bleeding, for ten days Menstrua- 
tion had ceased five or six jears previously, and since 
that time there had been no vaginal bleeding until ten 
days before entrj The patient had five children 
There had been no miscarriages The uterus was 
curetted and a diagnosis of adenocarcinoma of the endo- 
metrium (grade 2) established Radiation therapj in- 
cluded both radium and roentgen radiation (radium, 
total dose, 6,000 milligram hours, roentgen radiation, 
4,000 r in the midpelvis) The uterus, tubes and 
ovaries were removed about four months after the 
radiation treatments were completed 


The uterus was 9 cm m length and 6 by 4 5 cm ai 
the fundus The peritoneal covering was smooth anc 
reddish tan The entire endometrium and that portior 
°f the myometrium immediately adjacent were replacec 
by a foul-smelling, shaggy, green membrane to which 
m the left cornu, a putty-like mass of necrotic, darkei 
green tissue was attached This mass measured 2 bv 1 
by 1 cm The myometrium varied in thickness from 1 
|o 1 5 cm It was white and glistening m its outei 
half Nearer the necrotic lining the myometrium vva: 
pale green A darker green layer of myometrium, 3 mm 
"ide, adjoined the dark green necrotic lining Th< 
cervical canal was lined bv a red, soft membrane, be' 
neath which the pliable white tissues of the fibromus 
cular coat could be seen 


Several blocks were taken from various parts of the 
uterus and fixed in 4 per cent solution of formaldehyde 
or Bourn’s fluid Paraffin sections were stained with 
hematoxylin and eosin 


Microscopic Examination — The entire endometrium 
and endocervix were replaced by a layer of necrotic 
debris In the body this was rather wide It was com- 
posed of amorphous, poorly staining material in which 
masses of bacteria could be seen The lower part of 
this layer was densely infiltrated by neutrophils, deep 
to which was a partially hyalmized zone of edematous 
myometrium, rather heavily infiltrated by neutrophils 
This was not sharply demarcated from a wide zone of 
underlying edematous myometrium The edema in areas 
extended almost to the serosa It was accompanied by 
some neutrophilic infiltration Near the serosa small 
clumps of lymphoevtes, plasma cells and monocytes 
were seen 

In the hyaline myometrial zone there were definitely 
hjalinized, palely staining muscle fibers The hyaline 
material m this zone was very pale In this same zone, 
as well as in the necrotic zone above it, fibrinoid 
necrosis of small blood vessels had occurred Infiltra- 
tion of the swollen mtima of some arteries by neutrophils 
and even complete necrosis of parts of the walls of 
arteries with thrombosis were seen, particularly where 
the necrotic surface lajer extended deep enough to in- 
volve parts of the walls of larger arteries 

In the edematous myometrial zone there were a few 
giant endothelial cells and fibroblasts Swollen endo- 
thelial cells appeared in small arteries and were often 
associated with intimal edema and deposits of fibrin 
or even neutrophilic infiltration 

On portions of the seiosa a thin layer of fibrin and 
a few neutrophils could be seen 

Deep to the necrotic material and neutrophils lining 
the cervical canal lay a thin layer of hjahnized fibro- 
muscular tissue heavily infiltrated by plasma cells and 
lymphoevtes Near the upper end of the cervical canal, 
the bv alimzation of the fibromuscular coat extended 
deeper, and a hyaline clot appeared on the surface 
Arterial changes were marked here, with hyaline inti- 
mal thickening, often massive, and thrombosis in evi- 
dence Deep m the cervical wall here similar arterial 
changes could be seen 

Summaty — The observations included acute gangre- 
nous endometritis and endocervicitis with extension of 
the inflammatory piocess into the adjacent myometrium 
and cervical wall , acute diffuse metritis, marked near 
the necrotic lining, a completely necrotic polypoid mass 
in the left cornu, chronic cervicitis, mild focal acute 
perimetritis, mild acute perisalpingitis, atrophy of the 
ovaries , no evidence of carcinoma 

Case 6 — A patient aged 42 complained of pain in the 
back and of a greenish vaginal discharge which had been 
present for six months The menstrual periods had 
always been irregular, but they had been particularly 
so during the six months preceding entry into the hos- 
pital A diagnosis of adenocarcinoma of the endo- 
metrium (grade 2) was made on examination of mate- 
rial obtained by curettement Radium therapy was 
begun The patient had received a dose of only 1,800 
milligram hours when her condition indicated that the 
tieatment should be stopped No roentgen radiation 
was used About one month latei the uterus and 
adnexa were removed 

The uterus measured 9 cm m length and 7 by 4 5 
cm at the fundus The peritoneal surface was smooth, 
glistening and pinkish yellow with dark red patches 
The myometrium was 2 cm thick, yellowish white and 
fibrillary The enodmetrium was thin (about 1 mm ) At 
the levej of the internal os a dark red, slightly elevated 
portion of the lining, 0 4 cm in diameter, was seen 
The cervix was 3 cm in length and somewhat enlarged 
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and boggy Beneath the membrane of the cervical 
canal there was one well demarcated nodule of shiny 
white whorled tissue, 0 5 cm in diameter 
Several blocks were removed from the uterus and 
fixed in Bourn’s fluid Sections were picpared as m 
the preceding case 

Summary of the Micioscoptc Examination — Over 
large areas the endometrium and the innermost part 
of the myometrium were replaced by a layer of neutro- 
phils, blood and debris The superficial portion of the 
adjacent myometrium was hyalinized No definite rout 
of edematous myometrium was seen The hyaliniml 
zone was widest and the clot on the surface thickest 
at the internal os In the hyalinized zone, muscle 
fibers apparently undergoing gradual hyalinization were 
seen It was difficult, however, to decide whether they 
were being hvalmized or whether hyaline material was 
being deposited around the nuclear remnants of atiophic 
ur necrotic muscle cells Where the surface layer of 
necrotic material and blood was thinnest there occuried 
considerable plasma cell infiltration with milder neu- 
trophilic infiltration Hemosiderin was present too 
Where the hyalinized mvonietrial lavci was \cn thin, 
no definite changes in the small arteries except fibri- 
noid necrosis could be seen Where this layer was 
thick, various other arterial changes were noted swell- 
ing of the endothelial cells, with fibrin or neutrophils 
or foam cell plaques m the intinn The rest of the 
myometrium was normal No tumor was found in it 
In areas the endometrium was still present \ 
layer of fibrin or of fibrin and red cells with a few 
neutrophils overlay some parts of the surface epithe- 
lium and extended from the mouth of one gland to 
that of the one adjacent Similar material was found 
in the lumens of the glands The surface epithelial 
cells beneath the fibrin were swollen, glassy, oi finch 
granular and deeply eosinophilic Some of the nuclei 
w r ere large and vesicular or hyperchromatic , some w ere 
small and deeply basophilic (pyknotic) Beneath this 
altered epithelium in areas plasma cells and hcmosidei m 
were seen, in other aicas led cells, fibrin and dilated 
capillaries w r ere present Edema was in evidence, but 
the connective tissue cells of the stroma appeared nor- 
mal Here and there the surface epithelium was ab- 
sent In such areas the fibrinous pseudomembrane on 
the surface was attached At such points blood clot 
partially hyalinized, was often seen Similar small 
clots, recent or old, were located beneath other parts 
of the surface epithelium and caused some protrusion 
of it into the lumen The epithelial cells overhing 
the clots were elongated and flattened and had elon- 
gated dark nuclei parallel to the surface 
The epithelial cells in the glands were quite vai icd 
in appearance Many were large with large v esiculai 
nuclei, round, oval, indented and lying parallel oi at 
right angles to the lumen Some were so swollen that 
their free borders projected into the lumen Where 
the most superficial part of the endometrium, including 
parts of the glands, was replaced by fibrin or fibrin, 
red cells and neutrophils, the remnants of the glands 
were often lined by epithelial cells which differed 
greatly from one another (fig 6) ' Some were swollen 
and had large dense basophilic nuclei , others had 
swollen, pale vesicular nuclei, all had deeply eosino- 
philic cytoplasm The cell boundaries were poorly 
defined A few cells were multinucleated In one part 
of the endometrium, thicker than the rest, were masses 
of glands with large eosinophilic epithelial cells, often 
syncytial in appearance, with numerous round vesicular, 
somewhat enlarged nuclei These glands were con- 


sidered to be carcinomatous In some of the glands 
neutrophils, red cells, monocytes, fibrin or protein pre- 
cipitates were seen 

Near the internal os there was fairly deep hyalini- 
/ation of the cemcal tissues 

Summary — The observations included acute hemor- 
rhagic necrotizing endometritis with necrosis of the 
adjacent myometrium m areas, chronic metritis (inner 
portion of the myometrium near the necrotic lining) , 
radiation-induced changes in the epithelial cells of the 
endometrium and its glands and in the residual car- 
cinomatous glands, chronic endometritis with old and 
recent hemorrhages, radiation-mduced arterial changes 
and a radionccrotic plaque in the uterine wall at the 
level of the internal os, chronic cervicitis with cystic 
dilatation of the glands, bilateral chronic salpingo- 
oophoritis and perisalpmgo-oophoritis small tubo- 
ovarian ibscess on the left side 

SUMMARY or ran OBSERVATIONS in the 
I OUR CASES IN' WHICH THE UTERUS 
W r \S SUBJECTED TO SPECIAL MICRO- 
SCOPIC EXAMINATION, RELATION- 
SHIP OI THE CHANGES TO 
RADIATION THERAPY 

Plaque at the Internal Os — In each of the 
4 cases a plaque of necrotic tissue was found 
at the level of the internal os of the uterus The 
plaque was definitely an ettect ot radiation The 
structuie and the genesis of the plaque will he 
discussed in detail farthei on 

Endomctnum — In each case the endometrium 
w'heie present, was atiophic, often mildly 7 edema- 
tous and at least focallv mfiltiated by chronic 
inflammatory cells, pailiculaily near the plaque 
In 3 cases (1, 2 and 4) the menopause had 
occuired yea is before ladiation theiapy was in- 
stituted Hence atrophy of the endometrium 
might well have been the lesult of the cessation 
of ovanan function and cannot be definitely at- 
tributed directly to the n radiation of this tissue 
In case 3 radiation may hay e play r ed a role eitliei 
dnectly 7 by action on the endometrium oi mdi- 
lectly tlnough its effect on the ovanes These 
were definitely atiophic The chronic endome- 
tntis obseived in these cases was diffuse, it was 
associated with old hemonhage in case 3, local- 
ized in the region of the plaque in cases 1 and 2 
and present m the only stnp of endometrium 
found m the uterine body in case 4 It is piob- 
able that the chiomc endometritis was an effect, 
cluect or indirect, of irradiation of the uterus 
although the trauma lesulting fiom the presence 
of radium applicator tubes in the uterus may 7 have 
contributed The slight separation of the con- 
nective tissue cells seen in the more superficial 
layers of the endometuum m these cases and 
considered indicative of edema is not uncom- 
monly 7 seen in the nonn radiated atiophic endo- 
metrium Hence it cannot be proved to have 
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lesulted fiom the irradiation The diffuse ne- 
ciosis of most of the endometrium m case 4 was 
probably the result of n radiation 

Squamous metaplasia of the columnar epi- 
thelium of the endometrium was observed in 
1 case (3) No direct relation of this change 
to the radiation can be predicated It is prob- 
able that the metaplasia was but a manifestation 
ot the chronic endometi ltis, which was rathei 
severe in this case 

Myometnmn — One definite fact stands out — 
m none of the 4 cases did the profound atrophy 
occur which had been descnbed as an effect of 
radiation In 2 cases (1 and 3) the uterus was 
distinctly largei than noimal The piesence 
ot a few small foci of leiomjoma could not have 
been responsible for the large size In case 1 
the muscle bundles of the myometrium seemed 
to be of normal size or even somewhat largei 
than normal (fig 7) The only abnormality m 
the uppei body were the arterial changes said 
to be characteristic of subinvolution of the uterus 2 

In case 2 the muscle bundles in the innet half 
ot the myometrium appeared somewhat atrophic, 
although the uterus as a whole w'as of about 
normal size In this uteius, too, the artenal 
changes found in subinvolution of the uterus 
were in evidence 

In case 3, in which the uterus w'as large there 
was a definite diffuse increase m connective 
tissue between the muscle bundles of the myo- 
metrium The individual muscle fibeis appeared 
enlarged (hypertrophy) It was difficult to de- 
termine accurately the size of the uterus in case 4 
since it w'as received in several pieces It was 
estimated to be of about normal size The 
ectopic endometrium in the myometrium in this 
case (fig 8) might have been partly responsible 
for its size 

It must be concluded that at least m these cases 
no diffuse muscular atropln or diffuse hyalmiza- 
tion with contraction was produced by radiation 
despite the fact that full “cancer doses” were 
employed It is possible that the uterus in each 
instance W'as so large befoie being irradiated that 
men a notable shrinkage produced by radiation 
still left it larger than noimal or about normal 
in size This possibility does not seem ven 
plausible but cannot be absolutely invalidated 
The deviations fiom the normal seen m the 
m\ ometrium m 2 cases — atrophy of the mnei 
portion of the myometrium in one and fibrosis 
an d mild hypertrophy m the other — aie too 
diverse to be considered eftects of lachation 

The clumps of lymphocytes noted along the 
small veins and lymphatics m the myometrium 
evidence of chronic metutis weie most numerous 


in those parts of the mj ometrium beneath or 
adjacent to the plaques Their presence must 
have been the result of the inflammatory reac- 
tion m or near the plaques Only a few' of 
these clumps of lymphocytes were found in cases 
such as case 2, in which the inflammatory cel- 
lulai response at the plaque was meager 

The focal acute metritis noted deep in the wall 
of the uterus m case 4 resulted from bacterial 
invasion of the plaque and so was an indirect 
lesult of irradiation 

Small foci of leiomyoma w'ere found in the 
uteius in some of the cases In most of them 
the neoplasm was only parti) degenerated H) a- 
lmization, calcification and early cystic change 
w r eie noted but were patchy m all The muscle 
fibers in many seemed atrophic These changes 
can be found in unirradiated leiomyoma and 
hence cannot be proved to have been pioduced 
by radiation It is noteworthy that ectopic endo- 
metrium w'as present in the myometrium in 
1 case in which the uterus w r as removed twelve 
years aftei the menopause The ectopic endo- 
meti mm showed the same degree of atrophy 
as the lining endometrium As has been noted 
already this atrophy could not be proved to be 
due to radiation 

Most of the changes m the aiteries m the 
ni)ometnum neai the plaque can be consideied 
effects of ladiation and will be considered in 
the discussion of the structure and the genesis 
of the plaques later in this papei In the middle 
layer of the myometnum m 2 cases (1 and 2) 
definite swelling of elastic tissue, the so-called 
vitreous change, was seen in the w'alls of arteries 
Occasionally apparentl) new' small artei les w'ere 
encased m wide expanses of alteied degen- 
erated elastic tissue, supposedl) the remains of 
older laigei aiteries These changes hate been 
attributed to faulty involution of the uteius 2 
They are not radiation changes The relation 
to radiation of hyahnization of small artei les 
in the depths of the endometrium oi in the 
adjacent mjometiium is moie difficult to deter- 
mine In the 2 cases just mentioned (1 and 2), 
particularly in the first, many of these small 
arteries w'ere hyalmized, but the endometrium 
w'as less damaged by radiation than in cases 3 
and 4, and the largei arteries showed the changes 
accompanying subinvolution of the uterus In 
case 3 hyahnization of similai small aiteiies w'as 
widespread, and the endometrium show'ed more 
i adiation damage, but the arterial changes of 
utenne subinvolution weie not present in the 
larger aiteries In case 4 the damage of the 
endometrium due to i adiation was gravest the 
artenal changes of subim olution w'ere not in 
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evidence in the laige arteries of the middle la) er 
and there were but few hyahnized at terioles neai 
the endometrium These observations seem to 
indicate that the hyahmzation of the small arteries 
of the inner myometrium and the deeper por- 
tions of the endometrium may be a manifestation 
of uterine subinvolution or of i adiation-mduced 
change or possibly of some other condition and 
hence not a specific radiation change 

The peritoneum covering the uteius levealed 
no pathologic change directly attributable to radi- 
ation The fibrous adhesions, the lymphocytic 
infiltration, and the foreign body giant cell reac- 
tion to retractile foreign material in and on the 
serosa in case 1 could be the lesult of the old 
pelvic operation 

The marked chronic cervicitis noted particu- 
larly m cases 1 and 3 was probably indirect!) 
the result of irradiation The small ulcerated 
area on the vaginal aspect of the cervix m case 1 
overlay an area of hyahmzation of the fibro- 
muscular coat in which radiation-induced vas- 
cular changes were pi esent There is little doubt 
that the changes in this pait of the cervix weic 
due to radiation 

The plasma cell infiltration deep in the wall 
of the cervix, particularly beneath the plaques 
certainly was related, indirectly at least, to ne- 
crosis produced by radiation 

In short, the only uterine changes m the 
4 cases which can be definitclv consideied effects 
of radiation are the plaque, the changes in the 
adjacent myometrium and the wall of the ceivix 
the arterial changes m the plaque and in the 
adjacent tissues, and the one area of extensive 
hyahnization of the cervix noted in case 1 The 
acute gangrenous endometritis and endocervicitis 
noted m case 4 and the chronic endometritis and 
cervicitis noted m the othei cases aie probabl) 
also the result of the irradiation though the modi- 
fying effects of trauma ( inti oduction and removal 
of applicator tubes), hemorihage and infection 
mask the more primary effects of ladiation 

The most important effect of radiation on the 
uterus in these cases has not yet been discussed 
— the eradication of definite adenocai emoma of 
the endometrium demonstrated histologically be- 
foie the therapy was begun In each case a 
plaque of necrotic tissue was found at the level 
of the internal os Only in case 2 was a second 
necrotic mass encountered In this case the 
mass was polypoid and so necrotic that no ves- 
tiges, even wraithlike, of foimei stiuctuies, cai- 
emomatous or not, could be identified In no 
case weie scars found in the myometrium Only 
m case 2 were small calcified bodies encountered, 
possibly calcified cancer cells In this case it 


is possible that the cancer had been present in 
the polypoid mass In the other cases no prob- 
able site of the cancer was identified At first 
it was thought that the neciotic plaques at the 
internal os weie necrotic tumors, but later they 
were considered to be areas of radionecrosis 
Of course the cancer might have been located 
at the level of the internal os and destioyed 
along with the normal structures at this site b) 
the caustic action of the ra)s It is also possible 
that the carcinoma was superficial removed b) 
curettage or completely destrojed by radiation 
Endometi ml reparative processes might then have 
hidden the site However, in this paper photo- 
mictographs of the cancer (figs 1 and 2) reveal 
a histologic character different from that usually 
seen in the type strictly limited to the mucosa 
Fiom the histologic observations one would an- 
ticipate invasion of the myometrrum Yet no 
evidence of such infiltration was found m these 
4 cases 

Finall), w'lth the method of examination used 
in our cases it is unlikel) that residual carcinoma 
was missed To our know-ledge, in previous 
leports on the changes in uteri excised after 
ladiation therapy for carcinoma of the coipus 
uteri it was merelv stated that there was no mi- 
croscopic evidence of residual carcinoma (Heal) 
and Biown 1 , Mai tin ') or that no special search 
had been made (Donovan and Warren 0 ), oi 
else microscopic obset vations, apparentlv on rou- 
tine sections, were given without a statement 
of the details of the method of examination used 
( Ai neson 7 Corscaden “ ) 

No definite indication of the mode of destruc- 
tion of the cancel is affoidcd bv the obsei vations 
m the cases lepoited in this paper 

IMPORTANT FLAT URLS OT 1HF RADIONKCROTIC 
PLAQCrS AT THU LrVEL Or THT 
INTERNAL OS 

G)oss Fcatmcs — In all the cases the plaque 
was an lriegular mass of paitl) soft and parti) 
fiim matenal The size was vanable from case 
to case, and the suiface was elevated above the 
adjacent portions of the endometi mm, fiom which 
m some cases the plaque was well demarcated 
(case 3) , in otheis, it was not (case 4) It no 
limits weie appaient the uteius was usually 

4 Healy, W P, and Brown, R L Am J Obst 
& Gynec 38 1, 1939 

5 Martin, C L South M J 33 135, 1940 

6 Donovan, M S , and Wari cn, S Surg , Gynec 
&. Obst 74 1106, 1942 

7 Ai neson, A N Am J Roentgenol 36 461, 
1936 

8 Corscaden, J A JAMA 126 1134, 1944 
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lined by necrotic mateual, and the plaque was 
but a particulaily thick portion of the necrotic 
lining 

For the most pait the color of the mateual 
in the plaque was some shade of biown 01 green 
In case 6, in which the plaque could not have 
been present longer than one month, the earliest 
stage obseived, the color was dark led The 
hemorrhage which played a part in the pioduc- 
tion of the plaque and in the determination of 
its structure in all cases w'as probably responsible 
for the shade of led m the eailier stage and ot 
brown m the latei one Microscopically, at the 
latter stage the plaque was composed, at least 
m part, of old hyahnized clot and hence w T as 
brownish The green tints w'eie probably the 
result of bactenal invasion and activity, since 
they were seen m the cases in which bactenal 
masses w r ere found eitliei in the plaque (case 4) 
or m the necrotic uterine lining (case 5) 

The plaque not only projected into the uterine 
cavity (even as much as 6 mm ) but also ex- 
tended into the adjacent myometrium (but no 
deeper than 5 mm ) The base of the plaque 
vas usually well demarcated from the adjacent 
myometrium In fact, m some of the cases the 
structure w r as easily dislodged 
In the cases in which the plaque was smallei 
(6 mm in diameter) it was located in its entirety 
at the level of the internal os In the cases 
m which it w r as laiger (2 5 and 3 3 cm m 
length) it extended up from the internal os 
into the body rathei than down along the cer- 
eal canal and usually' encircled the lumen 

Mwoscopic Stiuctwc — Typically the plaque 
(fig 3) was an mfaict-hke suiface zone of com- 
plete necrosis Beneath it typically lay a zone 
of partial hyahmzation and edema and finally 
between this hyalme-edematous zone and the 
normal tissues a zone of edema and possibly of 
atrophy The typical stiucture was seen best 
on the uterine body' side of the intei nal os Hei e 
the three zones could be readily' defined and 
designated the zone of complete necrosis, the 
zone of hyalme-edematous myometrium and the 
70ne of edematous myometrium The alteied 
myomett mtn adjoining the neciotic surface zone 
"as not merely a zone of reaction to the piesence 
°f necrotic tissue it too showed the direct effect 
of the radiation 

In the typical neciotic surface zone theie was 
z fine! y granular or faintly fibrillary pale matei lal 
(case 1) or a more compact pale hyaline-like 
Material (case 2) In it outlines of neci otic 
J ood vessels and even faint tracings of muscle 
nndles could be identified The exact size of 


the necrotic blood vessels in this zone and the 
piesence or the absence of necrotic muscle bun- 
dles depended on the thickness of the neciotic 
zone, i e , the depth of involvement of the myo- 
metrium or of the fibiomuscular coat of the cer- 
vix The endometi mm was always destroyed In 
some cases necrobiotic endometrial glands per- 
sisted near the free surface Epithelium con- 
tinuous with that on the surface of the adjacent 
endometrium or endocervix extended for vari- 
able distances up ovei the margins of the plaque 
in the typical case 

The hyalme-edematous zone and the edema- 
tous zone were often lelatively thin (0 5 to 1 
mm ) In the foimer, typically only nuclear re- 
mains of muscle cells peisisted, with deposits of 
palely' staining hyaline material around small 
blood vessels or even around the necrotic muscle 
cells themselves (fig 4) In the latter case naked 
pyknotic nuclei set m small empty spaces were 
sepai ated from adjacent nuclei by thin bands 
of by aline matei lal 

In the edematous zone the muscle fibeis were 
sepai ated by spaces and appeared thinner than 
normal As the hyaline zone was approached 
the nuclei of the muscle cells became more pyk- 
notic, and the cytoplasm shrank and finally dis- 
appeai ed The hyalme-edematous and edematous 
zones w’eie not always sharply separated fiom 
each other The hyalme-edematous zone, how- 
evei , w r as usually well demarcated fi om the zone 
of complete necrosis In case 2 turn distinct 
zones wei e not found In large areas practically 
noimal my'ometrium adjoined the plaque 

In a typical case (case 1) over fairly large 
aieas no cellular infiltiation was noted in any 
zone with the exception of the completely' ne- 
crotic zone, and here the infiltration was mild 
Even here many' structures which at first sight 
appeared to be neutiophils proved to be pyknotic 
nuclei of necrotic muscle cells Over fairly wide 
aieas theie was also no cellular reaction in the 
moie noimal tissues bordering on the plaque 
In areas, how'ever, there was diffuse or focal 
cellulai infiltration, at times massive, particulaily 
m the hyalme-edematous or the edematous zone 
but sometimes in the lowei part of the necrotic 
zone or in the normal tissues neai the plaque 
The infiltration u'as best seen where hemorrhage 
or bactenal invasion had caused deviations from 
the typical structuie of the plaque and of the 
adjacent zones of altered tissue 

In general, on the ceivical side of the internal 
os the distinction between the hyalme-edematous 
zone and the zone of edema was not well defined 
Often a hyaline zone much more compact than 
the hyalme-edematous myometrial zone was in 
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contact with the zone of complete necrosis on 
the surface 

In general theie was no gianulation tissue 
zone m contact with the necrotic tissue In 
case 3, however, the complete clisappeai ance of 
muscle elements and the peisistence of connective 
tissue and blood vessels gave a definite impres- 
sion of the presence of granulation tissue (fig 4) 

In the typical case bizaire giant fibi oblasts oi 
endothelial cells were present only in a few 
areas 

Modifications in the Structwc oj the Non otic 
Plaques Pi oduced by Hanoi ihage and Injection 
— The typical plaque was seen in 2 cases (1 and 
2) It was modified in all the othei cases and 
even m places in cases 1 and 2 The two pie- 
dominant causes of modification weie hemor- 
rhage and bacterial invasion 

Masses of red cells were piesent in aieas 
even deep in the typical plaque It was not 
uncommon to find masses of fused ted cells oi 
of hyalmized dark led clot ovei all of the sur- 
face of the infarct-like portion of the plaque oi 
on parts of it only If the hemorrhage was 
more massive, the mfaict-hke zone might be 
completely replaced by altered hyalmized clot 
or at least by necrotic tissues so saturated w'lth 
altered blood that they appeared to be hyalm- 
lzed clot This occurred in case 3, in w’hich 
hyalmized clot rested directly on the hyaline- 
edematous myometnal zone (fig 4) 

Where clot rested directly on the hy aline zone 
there was a definite tendency for the plaque to 
be infiltrated by plasma cells, lymphocytes and 
monocytes in particulai Fewer neutrophils and 
eosinophils w'ere seen Red cells and hemo- 
siderin-laden macrophages, as well as extracel- 
lulai hemosiderin deposits of varying size, w'eie 
often present 

Bacterial invasion w'as the othei common 
cause of modification of the structuie of the 
plaque Where it was focal a nice contrast with 
the adjacent more typical plaque was affoided 
(cases 3 and 4) The entire invaded portion 
stained poorly and appeared partially autolyzed 
Myriads of bacteua were present Deep to this 
amorphous zone w'as a dense layei of neutio- 
phils resting on a wide hyaline myometnal zone 
or a hyaline-edematous zone, rathei heavily in- 
filtrated by neutrophils In this hyaline zone 
which stained faintly, definite hyalimzation of 
muscle fibers, sometimes with swelling, occuired 
Hyalmized muscle cells were rarely seen except 
where bacterial invasion altered the plaque The 
nuclei of these muscle cells faded gradually 
x 


Aitenal Changes Associated with the Plaque 
— A variety of artenal changes were seen n 
and adjacent to the plaque On the uterine bod\ 
side the changes were most often m the hyaline- 
edematous or the edematous myometnal zone 
next most commonly in the depths of the zom 
of neciosis and least often m the normal myo- 
metrium On the cervical side the \asculai 
changes w r ere not only adjacent to the plaqiu 
but also at considerable distances aw r ay deej 
in the fibromusculai coat (fig 5) 

The following artenal changes w'ere obsened 
swelling of endothelial cells, with oi without 
the subendothehal accumulation of fluid fibrin 
red cells, and a few' inflammatory cells, pai- 
ticularly lymphocytes, monocytes and neutro- 
phils , absence of endothelium . toam cell mtima 
plaques 3 , h) aline mtimal thickening, even occlu- 
sue hyaline necrosis of various portions o! 
the arterial wall with oi without dilatation, neu- 
trophilic infiltration, hemorrhage and deposition 
of fibrin more rarely fibroblastic mtimal thicken- 
ing and thrombosis with partial organization 
Occasional hemosideiin deposits in hyalin- 
tluckened ultima were seen Some of these 
aitenal changes are depicted in figure 5 other' 
are illustrated in a pre\ ions article 3 All ot 
these in oui opinion w ere due to radiation Acute 
diffuse arteritis with necrosis edema of the 
entire arterial wall with or without neutiophilic 
infiltration anel fibrinoid necrosis were obseneel 
most commonly near areas of bactenal imasion 
Undoubtedly tins imasion placed some part in 
their production particularly where completely 
necrotic portions of the walls of aitenes with 
massive neutrophilic infiltration weie in contact 
with necrotic material containing masses of neu- 
trophils and bacteria 

Hyalimzation in varying degiees of seceritv 
w'as most common in artenes less than 300 
micions in external diametci and was moie 
common on the ceivical side of the plaque than 
on the uterine body side Idyalinization of aitei- 
les was present on the body side paiticulaih 
w'hen the plaque did not penetiate deeph into 
the my'ometi mm (case 2) 

THT GENESIS OF TIIL PLAQEL 

It is evident from the description of the piop- 
erties of the plaque that it is essentially a zone 
of coagulation neciosis The coagulation neciosis 
is identical with that found in many bland 
infaicts elsew'heie in the body The admixture 
of vanable amounts of blood wnth the necrotic 
tissue is also usual m infarcts elsew'heie Swell- 
ing is a featuie of such infaicts It was found 
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m the utenne plaque, which in most of the cases 
projected somewhat into the utenne cavity The 
swelling is probably due in both instances to 
the outpouring of piotem-contaming fluid and 
red cells into the neciotic aiea and subsequent 
coagulation Like true infarcts, the typical radio- 
necrotic plaque m the uterus is well demaicated 
trom the adjacent viable tissues, m the latter 
in both instances marked changes m the walls 
and lumens of arteries are usually seen When 
the uterine plaque becomes secondarily infected 
the changes simulate those of septic mfaiction 

There are however, some appaient differences, 
notably, eithei the lack of a cellular inflamma- 
tory reaction m the areas of ladioneciosis or in 
the sui rounding viable tissues 01 at the most 
mild infiltration the lack of granulation tissue 
m the typical case, and finally the long pet sistence 
ot the rachoneciotic tissues even when located 
on a surface In addition, the diffuse hyahmza- 
tion of the tissues bordenng on the aieas of 
radionecrosis, the obhteiation of the capillaiy 
bed m the sunounding tissues and some featuies 
of the local arterial changes are not commonly 
observed in tissues adjacent to ordinary bland 
infarcts Iiowevei , if a comparison is made w ith 
old bland infarcts rather than with recent ones 
the differences are not so sti iking Around the 
penphery of an old splenic infarct, foi example, 
it is not unusual to find at least a nariow band 
ot partially hyahnized connective tissue w ith 
little cellular infiltration However, diffuse hya- 
limzation extending some distance from mfaicls 
is not usual Since in most of the cases de- 
scribed m this papei the uterine plaque was 
two and a half oi more months old, a compan- 
son with the older bland infarcts is probably 
appropriate 

The youngest plaque encounteied in our ma- 
terial (case 6) was somewhat less than one month 
old Numerous neutrophils weie found m it 
These may have been due to the infection pies- 
en t In the endometrium adjacent to the plaque 
m this case small areas of necrosis limited to 
the most superficial lay r er of the .endometrium 
were present (fig 6) In the adjacent endo- 
metrial stroma edema, deposition of fibrin, fibri- 
noid necrosis of capillaries and of arterioles, 
dilatation of capillaries and small hemoirhages 
occurred In the same region small clots, still 
retaining hemoglobin (orange-colored) or hyalin- 
ized (dehemoglobimzed), were found just be- 
neath the surface epithelium, portions of which 
"ere pushed outward into the uterine cavity 
ky these deposits The only' definite evidence 
°t necrosis heie was the neciobiotic changes m 
the overlymg surface epithelium Perhaps such 


aieas represent the early stage of plaque forma- 
tion The later desquamation of the epithelium 
with deposition of fibrin on the surface and 
among the subjacent connective tissue cells would 
simulate small infarcts 

Since the areas of ladionecrosis are essentially 
aieas of coagulation necrosis, they must result 
from the necrosis, m a relatively short interval 
of tune, of all cells, epithelial, endothelial, fibro- 
blastic and muscle, sufficiently close to the source 
of radiation, or from primary involvement 
of the blood vessels with occlusion and secon- 
daiy mfaiction, or possibly from some change 
in the interstitial tissue oi its fluids which 
interferes with the nutrition of the cells in the 
area In favoi of infarction is the observation 
that the seriously damaged portions of arteries 
are concentiated in the tissues close to the areas 
of neciosis On the body' side of the internal 
os in most of the cases these arterial changes 
weie largely but not entirely confined to a 
layer of myometrium immediately adjacent to 
the dead tissue All arteries passing through 
this fairly thin myometnal layer showed equiva- 
lent changes Since these aiteries ran parallel 
to one another, perpendicular to the lining of 
the uterine cavity, those who consider the aieas 
of radionecrosis to be true infarcts must, m view 
of the close proximity of the occluded blood 
vessels to the aiea of necrosis, postulate coales- 
cence of multiple small infarcts to explain the 
large plaque found in some of the cases The 
problem of the exact mechanism of the produc- 
tion of areas of radionecrosis must remain un- 
settled until the i elative lmpoi tance of the various 
lactors possibly' concerned can be assessed 
These include duect damage of individual cells, 
hy'ahnization of connective and of other tissues 
vascular damage and possibly changes m the 
interstitial fluids Even the origin of the various 
forms of hyalin encountered in the areas of 
radionecrosis and in the adjacent tissues is not 
cleai There ai e sevei al possible sources hyalin- 
lzed blood clot, piecipitated or gelled protein, 
old fibrin, hyahnized collagen and hyahnized 
cells 

The location of the plaque in the uterus and 
the relative loles of roentgen ladiation and 
radium in its production remain to be discussed 
In 1 case m which a well defined plaque was 
found, ladium alone was used It is reasonable 
to conclude that the radiations from radium 
produced the plaque in all the cases The radium 
was inserted into the aims and the stem of a 
Y-shaped apphcatoi so constructed that, once 
inserted, the arms could be spread apart to rest 
against the lateral wall of the uterine cavity 
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above the internal os The stem remained in 
the cervical canal It is highly probable that 
that part of the uterine wall at the level of 
the internal os was most closely applied to the 
source of radiation and that the effects of the 
latter were most intense there The portions 
of the wall just above the internal os would 
receive a dose somewhat Jess but still quite 
intense The shape of the mechanical appli- 
cator and the distribution of the ladium in the 
arms and stem thus account for the location 
of the plaque It is interesting that in a thick- 
walled organ such as the uterus a dose of radium 
sufficient to cause complete necrosis can be 
applied with little danger of serious damage, 
such as perforation The mam hazard is infec- 
tion, which was present in some of the cases 
reported here However all of the patients 
whose cases are reported here are still alive two 
years or more after irradiation of the uterus and 
hysterectomy 

HISTORICAL SKETCH 

Necrosis, slight 01 extensive, diffuse 01 focal 
of the walls of the uterus subjected to radiation 
has been noted by numerous investigators In 
the older literature Haendly 0 and Adler, 9 10 par- 
ticularly the former, listed a variety of changes 
or gave detailed descriptions Adler mentioned 
necrotizing inflammation of the uterus, diph- 
theritic endometritis, and “endometritis and 
metritis purulenta ” He dealt mainly with cer- 
vical carcinoma Haendly ob stated that there 
was slight neciosis of the superficial portion of 
the wall of the uterus in all cases in which the 
uterus was treated with radium or mesothorium 
but that it was not important As moie dam- 
aging effects of radiation he mentioned necrosis 
of the entire cervix and corpus in 1 case, gan- 
grene of the uterus in 1, necrosis of the entire 
fundal portion of the uterus with sepsis, neciosis 
of the cervix and a portion of the corpus, and 
gangrene of the anterior or the posterior Avail 
of the uterus in other cases In 1 case “endo- 
metritis gangrenosa” and in 4 others “endo- 
metritis nekroticans” or “endometritis nekrotica 
septica” were diagnosed He also laid great 
stress on hyaline degeneration, with or without 
necrosis, of the connective tissues and of smooth 
muscle in the muscular myometrium as well 
as m the walls of blood vessels Many of Haen- 

9 Haendly, P (a) Arch { Gynak 109 409, 1918 , 
( b ) Strahlentherapie 12 1, 1921 

10 Adler, L Die Radiumbehandlung maligner Tu- 

moren in der Gynakologie, in Falta, W , Gauss, C J , 

Meyer, H , und Werner, R Sonderbande zur Strahlen- 

therapie, Berlin, Urban & Schwarzenberg, 1919, vol 4 


dly’s cases in which the patient came to grief were 
cases m which cancer of the cervix was treated 
with mesothorium or mesothorium and radium 
The role of infection and of improper filtration 
or dosage in the production of the necrosis in 
his cases, perhaps, was not sufficiently well 
evaluated 

More recently Meyer 11 mentioned sereral 
layers in irradiated carcinoma of the corpus a 
superficial zone of neciosis, a subjacent zone ot 
necrobiosis and a deep infiltration or granulation 
tissue zone Todd 12 noted radionecrosis of the 
whole lining of the uterus m a case in his series 
Arneson, 7 in a case in his series, found the uterine 
cavity lined with a lavei of hyalinized tissue 
3 to 4 mm thick, with completel} degenerated 
and unidentifiable cells in the deeper portions 
Deep to this layer of necrosis the muscle cells 
showed hyalmization to a depth of several milli- 
meters Occasional tlnn-walled blood vessel^ 
were found along the line of demarcation bctu een 
the superficial lajer of necrosis and the under- 
lying myometrium He interpreted the presence 
of these blood vessels as a manifestation of an 
attempt at repair 

Localized areas of necrosis comparable to that 
described as a radionecrotic plaque in this paper 
have also been remarked on Letulle 13 stated 
that radium causes deep cauterized lesions in 
uterine cancers The scar m Ins case, correspond- 
ing to our radionecrotic plaque, was dry and hard 
and w'as characterized by long persistence, by 
long adheience to the normal tissues at the 
periphery, by prolonged inhibition of the usual 
inflammatory reaction and by fibrinoid necrosis 
of vessels which he felt w r as a most nnpoitant 
sign of the causticity of radium 

Clark and Norris, 11 in summarizing their find- 
ings m numerous uteri subjected to ladium 
leiterated that there is no question but that 
radium exeits local action on the inner surface 
of the uterus, characterized at times by localized 
sloughing or neciotic areas involving the proxi- 
mal layers of the myometrium, especially m those 
cases m wlnqh a moderately thorough curettage 
preceded the irradiation In their cases the 
sloughs were at times as laige as 5 cm in length 
and 1 to 1 5 cm m width but usually w r ere 
smaller , they w r ei e located on either the anterior 

11 Meyer, R Die pathologische Anatomic der Ge- 
barmutter, in Henke, F , and Lubarsch, O Handbuch 
der speziellen pathologischen Anatomic und Histologie, 
Berlin, Julius Springer, 1930, vol 7, pt 1, p 477 

12 Todd, T F Lancet 2 821, 1938 

13 Letulle, M Presse med 30 121, 1922 

14 Clark, J G , and Norris, C C Radium in Gyne- 
cology, Philadelphia, J B Lippmcott Com pain , 1927, 
pp 129-131 
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or the postenoi wall usually the latter The 
area of necrosis healed slowly, often peisisting 
for weeks or months Months aftei tieatment 
macroscopic or histologic evidence of the action 
ot radium might be absent While localized 
fibrosis of the myometuum at the site of pre- 
sents irradiation might be piesent, no massive 
cicatrices were encounteied Changes m blood 
vessels were quite localized to the site madiated 
These were generalh moderate in degiee and 
included thrombosis of the smallei uterine blood 
\ essels 

Pulhnger 10 classified such localized ai eas of 
1 adionecrosis in the uteius as infarcts and stated 
that they were examples of mfaiction at a sur- 
iace She claimed also to have seen lounded 
infarcts m the smooth muscle of the uteius 
There was no detailed description of the neciotic 
patches MacKee 10 considered smnlai aieas of 
necrosis in the skin in third degree cutaneous 
roentgen ray reactions examples of div gangrene 
Corscaden 8 commented on the appaiently local- 
ized effect of radium in the uterus The sloughs 
and areas of cellulai degeneiation in Ins cases 
were limited in aiea and depth, gmng him the 
impression that the} coi responded to the location 
of the radium applicators In a case in the senes 
leported by Arneson and Hauptman 17 the necio- 
sis and ulceration involved the cervical canal and 
the lower portion of the uterine cavit) 

Vascular changes associated with aieas of ne- 
crosis in the irradiated utei us have been stressed 
br Letulle, 13 Haendh nb and Pulhnger 15 In 
some of the other reports previously cited, theie 
is mention of vasculai changes but no detailed 
report Dyroff 18 noted vasculai changes Haen- 
dly 9b observed capillary dilatation and stasis and 
changes m the walls of larger vessels In the 
latter the end result of the changes was in his 
opinion a hyaline dead mantle, sometimes cal- 
cified, surrounding the thiombosed or obhteiated 
lumen, even though at tunes the intima, at tunes 
the media or the adventitia, was most affected 

There has been considerable speculation on 
the genesis of localized areas of i adionecrosis, 
■whether in the uterus or elsewdiere Letulle 13 
attributed the necrosis in Ins case to the caustic- 
W °f radium without fm ther explanation , Lacas- 
sagne, 19 in commenting on Letulle’s case, at- 
tributed the necrosis to the action of (3 rays and 

15 Pulhnger, B D J Path & Bact 35 527, 1932 
i MacKee, G M Roentgen Ray Reactions and 

'’juries, m Pohle, E A Clinical Roentgen Therapy, 
vniladelphia, Lea & Febiger, 1938, p 743 

ii/„ Arneson ’ A N, and Hauptman, H JAMA 

116 29, 1941 

18 Dyroff, R Arch f Gynak 136 141, 1929 

19 Lacassagne, A Presse med 30 323, 1922 


to the soft rays (y mou) of ladium He stated 
that the use of hard rays (y dm ) would have 
prevented frank necrosis of normal tissues Do- 
biovolskaia-Zavadskaia, 20 m her experimental 
w r ork, described tw r o zones concenti ically placed 
around a source of radiation (radium and radon) 
an inner zone of necrosis and an outer zone 
of atrophy The former she attributed to the 
action of soft rays (y moit ) , the latter, to haid 
lavs (y dm ) She believed that the centering 
of the zone of necrosis on the source of radiation 
ruled out vascular changes as the prune factoi 
in the production of necrosis since the areas 
of necrosis did not correspond to the anatomic 
distnbution of the local blood supply Pulhnger 15 
consideied the necrotic aieas to be tiue infarcts 
and fiankl) attnbuted them to the vasculai 
changes noted She claimed that the following 
sei les of e\ ents occui i ed hyperemia with sti etch- 
ing of the walls of capillaries and venules, re- 
sulting endothelial damage with exudation of 
seium and formation of small platelet thiombi, 
complete thiombosis of capillanes and venules 
and eien of largei vessels, leading to necrobiosis 
and anemic neciosis In the uterus the throm- 
bosis wms followed by coagulation of the mucous 
membiane with subsequent sloughing Deeper 
involvement of vessels led to gradual extension 
backwaid into the utenne wall Healing then 
occui red b} formation of granulation tissue and 
replacement of the necrotic areas by fibious 
tissue unless at the veiy beginning largei ves- 
sels w r eie thrombosed Then aieas of quiet 
neciosis would persist Hei conclusions were 
challenged by Desjaidins 21 on several giounds 
Conclusions based on the use of full or tolerance 
doses such as those used in the matenal exam- 
ined b} Pullmgei, in his opinion could not fui- 
nish a satisfactoiy answei to the pioblem of 
the mechanism of cell death m n radiated tissues 
The vasculai changes could w'ell be secondai) 
to the duect destruction of cells and tissues by 
radiation rather than primary radiation changes 
lesultmg in cell death If the vasculai changes 
weie primal y, one must conclude that at least 
some of the cells constituting the tissues in the 
blood vessel walls weie mjuied more ieadil) 
by ladiation than cells outside the vessels Ac- 
coiding to his statement, doses affecting ceitain 
othei cells do not affect endothelial cells hence 
one could postulate that the changes in the lattei 
w^eie secondary to the destruction of the foimer 
cells He mentioned m particular such radio- 

20 Dobrovolskaia-Zavadskaia, N Lyon chir 21 
397, 1924 

21 Desjardins, A U Am J Roentgenol 28 398, 
1932 
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sensitive cells as those of the seminal epithelium 
That the exact genesis remains unsettled must 
be concluded from the foregoing discussion 
With regard to generalized atrophy of the 
myometrium, Haendly ob maintained that ladia- 
tion caused two types of atrophy of smooth 
muscle, one chaiactenzed by deposition of hyalin 
and destruction of muscle nuclei, the other, In 
disappearance of the cytoplasm of the muscle 
cells with preservation of the nuclei The lattei 
appeared closely set He claimed that the first 
type of atiophy was the moie common in lriadi- 
ated uteri and that because of it the uterus 
became a hard and shrunken senile oigan He 
was of the opinion that cessation of ovarian 
activity resulting from the use of ladiation played 
little part, the shrinking of the uteius was due 
directly to radiation In the cases now desci ibed 
no generalized atrophy of smooth muscle, of either 
of these types was noted, despite the laige doses 
of radiation used The method of tieatment — 
the total dose, the individual doses, the spacing 
of the doses and the filters used in oui cases — 
might explain the difference in obseived effects 
Finally, an interesting observation by Todd 12 
should be mentioned In 3 cases, in which the 
uterus was removed nine to nineteen months 
after a single dose of about 2,400 milligram houis 
he found the normal endometiium leplaced bj a 
smooth shining membrane with telangiectatic 
zones and ruptured varices, the latter in 1 case 
situated just above the internal os No infor- 
mation was given with legard to the microscopic 
observations 


SUMMARY 

A thoiough gross and micioscopic study was 
made of 4 uteri excised after eradication of 
carcinoma of the endometrium by large doses of 
radium (about 6,000 milligram hours) and of 
loentgen radiation (about 4000 r in the mid- 
pelvis) Tw r o othei irradiated uteri w r eie taken 
into consideration, although only routine sections 
of these w'ere available A carcinoma of the 
endometrium m one of these w r as destioyed bv 
i adiation 

The original site of the carcinoma in 5 of the 
6 uteri could not be determined 

A localized plaquelike area of radionecrosis, 
essentially an area of coagulation necrosis, was 
found in the lining at or neai the level of the 
internal os in 5 of the uteri Changes were 
produced in the plaque by hemorrhage and in- 
fection Theie is a question as to whether or 
not plaques of the type observed are true infarcts 

In the myometnal tissues adjacent to the 
uteiine plaque tw r o zones showing the effects of 
radiation w r ere found a superficial zone of 
hyalini7ation and edema with necrobiotic changes 
and a deeper zone of edema with atrophic 
changes In the cervix a single zone of hyalini- 
zation w'as the usual finding Vasculai changes 
were encountered in these zones but weie not 
confined to them 

Other obsenations included some degiee of 
chronic endometritis chronic ceivicitis and endo- 
metrial atiophy, chronic methtis, mild and more 
or less focal, and othei nonspecific lesions, in- 
cluding squamous metajilasia of the cndometiial 
epithelium in 1 case 



HEALING OF WOUNDS IN THE SKIN OF MICE PAINTED 
WITH 20-ME THYLCHOLANTHRENE 
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Benzpyrene applied to the epidermis of mice 
irevious to the making of a wound in the skin 
tunulated the growth processes in the original 
s well as m the regeneiating epithelium 1 Iiow- 
:\er, after prolonged painting with this sub- 
tance, the ameboid movement of the piohferat- 
:ig epithelium into the defect was delaj'ed 01 not 
ncreased at a rate coinmensuiate with the m- 
ensification of the growth process, depending 
n duration of treatment In ordei to determine 
diether this dissociation of growth and nngra- 
lon of the cells was due specifically to the action 
if benzpyrene or could be produced by otliei 
arcmogenic agents also, we have investigated 
he effect of 20-methylcholanthreiie on the course 
if repair of the epidermis of mice treated with 
his carcinogenic substance previous to the 
naking of the nound 

MATERIAL AND METHODS 

Si\ty-four white Swiss mice, 2 to 3 months old at the 
eginnmg of the experiment, were used, being equally 
istributed as to litter mates and sexes whenever pos- 
lble The arrangement of the experiments was the same 
s in the previous investigation on the influence of benz- 
jrene with the exception that methylcholanthrene was 
ubstituted for the benzpyrene and that the carcinogen 
i as applied by one stroke with a camel’s hair brush 
no 6) instead of with a dropper 2 
The animals were divided into three series In the 
irst series (16 mice) all the animals remained untreated 
s controls In the second series (16 mice) the skin was 
lainted with benzene three times weekly for two weeks, 
me month, two months or three months In the third 
eries (32 mice) the skin was painted with 20-methyl- 
holanthrene dissolved in benzene m the concentration 
»f 0 3 per cent The carcinogen was applied for two 
\eeks, one month, two months or three months 
At the end of the period of treatment the hair of 
hose mice on which hair had grown in the interval was 
dipped a second time An area of skin was marked 

This investigation was aided by the David May- 
ihorence G May Fund 

These experiments were carried out in the Depart- 
ment of Pathology, New York University College of 
Medicine 

From the Laboratory of the Jewish Hospital and the 
Snodgras Laboratory of Pathology of the St Louis 
'-’ty Hospital 

1 Silberberg, M , and Silberberg, R Am J Path 
20 809, 1944 

2 Silberberg, M , and Silberberg, R Arch Path 
38 215 1944 


with a round stencil measuring 3 mm in diameter This 
marked area was carefully excised with a pair of curved 
scissors, and regeneration was allowed to take place for 
three, five, eight or ten days At the end of each experi- 
mental period, all mice were killed at the same time of 
the day, between 10 and 11 a m , in order to avoid 
variations of the mitotic count due to the diurnal mitotic 
rhythm A piece of skin including the wound was taken 
out and stretched on filter paper, the specimens were 
then fixed in 10 per cent formaldehyde solution and 
embedded in paraffin, the sections, 5 microns thick, 
were stained with hematoxylin and eosm 

The histologic observations are presented in tables 1 
to 3 The ratio of basal to spmous cells is shown in 
column 4 The thickness of the epithelial layers was 
determined by counting the number of cell rows, and 
the size of the cells was considered in the various areas 
The state of the original epithelium at a distance from 
the line of excision is seen m column 5 , that of the 
epithelium at the margin of the wound, in column 6, 
and, lastly, that of the regenerating epithelial tongues 
advancing from the margin toward the center of the 
defect, m column 7 The length of the tongues is found 
in column 8 The mitotic count for the original epi- 
thelium (column 9) and that for the new epithelium 
(column 10) are given in multiples of the normal, the 
latter being in this strain 12 mitoses in 10,000 basal 
cells As to further details of the method we refer to 
our former papers 

OBSERVATIONS 

Fust Scries (control mice , untreated) — There was 
no difference in the progress of wound healing in the 
groups observed for two weeks, one, two or three 
months previous to excision The following description 
is therefore concerned only with the different stages 
of regeneration and disregards the preceding period of 
observation 

(a) Old Epithelium At a distance from the line of 
excision the epidermis at all stages was composed of two 
layers of epithelial cells, the upper consisting of spmous 
cells, the deeper of ellipsoid basal cells The ratio of 
basal to spmous cells ranged between 2 1 and 2 5 1 

Near the line of excision the epithelium was thick- 
ened , three and five days after the making of the wound 
the epithelium was composed of four to six rows of cells 
instead of two as is normal The spmous cells formed 
a thick layer of keratin The basal cells were from 
20 to 30 per cent larger than usual, cylindric in shape 
and oriented in a direction perpendicular to the surface 
The nuclei were likewise enlarged, the structure of the 
nucleoli had become indefinite Mitotic proliferation of 
the basal cells was intensified, showing a maximum 
of eight times the' normal five days after operation 
(table 1, column 9) From eight to ten days after 
excision the number of cell rows was four to seven, 
the basal cells were now less hypertrophic, and after 
ten days a return to the resting state had occurred in 
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some instances Likewise, the mitotic count began to 
drop, but even after ten days it still remained elevated, 
the mean values varying from three and a half to one 
and a half times the normal after eight and ten days, 
respectively 

( b ) New Epithelium Enlarged epithelial cells mi- 
grated into the defect, growing out in a tonguelike 
fashion under the blood crust covering the defect The 
advancing epithelial cells were spindle shaped, more so 
the closer they were to the tip of the tongue The 
length of the tongues increased gradually from a mean 
of 0 29 mm after three days to 0 87 mm after ten days 
of observation (table 1, column 8) Onlj in 1 of 4 cases 


* Second Senes Gioup 1 (benzene-treated mice, ben- 
zene applied for two weeks and for one month previous 
to the making of the wound) — (a) Old Epithelium 
The epidermis at a distance from the wound consisted 
of two to three rows of epithelial cells, the ratio of 
basal to spinous cells having shifted in favor of the 
latter (table 2, columns 4 and 5) In the subcutaneous 
tissue there were scattered polymorphonuclear and 
mononuclear leukocytes, and here and there the epi- 
thelial cells showed a karyorrhexis, karyolysis or pjk- 
nosis of the nuclei At the line of excision the epithelium 
was markedly thickened (four to nine cell rows), the 
maximum thickness of eight to nine rows being reached 


Table 1 — Untreated Annuals 


Duration of 

• 

Dajs After 


Ratio of 
Basal to 
Spinous 

r — 

Distant 

Lpithe 

Rows of Cells in 

Inser 
tion of 

■x 

Length of 
Tongue, 

Mitosis in Multiples of the Lormal 
Mean, Maximum and 
Minimum Values 

Originnl Lew 

Treatment 

Excision 

4nimals 

Cells 

hum 

Tongue 

Tongue 

Mm 

Epithelium 

Epithelium 

2 weeks 

3 

323 

2 1 

o 

4 5 

23 

031 

5 max 0% 
min 4 

’A max 1 
min 0 


5 

235 

23 1 

o 

5 

34 

0 51 

5M. max 0 
min 5 

Cmax (Hi 
min 5% 


8 

230 

23 1 

2 

5-G 

34 

0 02 

3% max 5 
mtn 2 V£ 

4% mnx 6 
min S 


10 

243 

2 1 

2 

4 

4 

101 

1% max 2 
min 1 

3 mnx 4'i 
min 2 

1 month 

3 

247 

2 1 

2 

4 5 

2 

029 

2% max 3 
min 2 

0 


5 

251 

2 5 1 

o 

50 

23 

0 52 

4 max o 
min 3 

4 mnx 0 
min 3 


8 

255 

2 1 

2 

4 5 

4-6 

OCG 

2 max 3 
min 1 

2 t£ mnx 3% 
min lii 


10 

259 

26 1 

o 

45 

23 

Closing 

2mn\ 2 
min 2 

3^ mnx 4 
min 3 

2 months 

3 

2G3 

25 1 

o 

45 

23 

0 27 

6% max 7 
min 4 

K max % 
min o 


5 

207 

22 1 

o 

5 0 

23 

0 42 

4H mnx 5 
min 3 

5 mnx 0 
min 4 


8 

271 

2 6 1 

o 

o*G 

3-4 

06S 

2 mnx 3 
min 1 % 

4 max 6 
min 3& 


10 

275 

22 1 

2 

50 

23 

088 

l&mnx 2 
min 1 

2i£ max 3 
min 2 

3 months 

3 

270 

2 1 

2 

50 

3 4 

0 29 

3% mnx 5 
min 2 

H mnx 1 
min 0 


5 

283 

2 2 1 

o 

5-G 

8-4 

039 

0 max 8 
min 6 

5 max CM 
min SMr 


8 

287 

2 1 

2 

5-0 

34 

0 82 

2 mnx 2% 
min 1 

4 mnx 5 
min 3 


10 

291 

2 2 1 

2 

0-7 

4 

0 72 

3^4 max 4 
min 3 

2% mnx 3 
min 2* 

(1) 

(2) 

(3) 

(-0 

(o) 

(6) 

(7) 

(8) 

(») 

(10) 

\ 


* Papilloma noted after the weeks of painting 


followed for ten days were the two tongues advancing 
from both margins of the wound just about ready to 
join The thickness of the tongues increased during the 
first week from two rows of cells to four or five, after 
which it remained stationary or showed a decline to 
two to four rows after ten days (table 1, column 7) 
Three days after excision there was scarcely any 
mitotic activity in the tongue, the mitotic count being 
about one fourth of that in normal resting epithelium 
The number of mitoses, however, rose during the next 
two days and reached a peak of five times the normal 
(mean) five days after operation Subsequently the 
mitotic count dropped gradually, but even ten days after 
excision the mean number of mitoses was still two and 
nine-tenths times higher than usual, the maximum being 
four and a half times and the minimum twice the nor- 
mal (table 1, column 10) 


five days after operation (table 2, column 6) The basal 
cells of this epithelium were 10 to 20 per cent larger than 
the hypertrophic basal cells at the margin of the wound 
in untreated animals Their mean mitotic count reached 
a peak of eight times the normal five days after ex- 
cision (table 2, column 9) This compares with the 
maximum of six times (mean) the normal found in un- 
treated controls Subsequently the number of mitoses 
dropped sharply After eight days the mean v r as only 
twice the normal, vdiereas in the control mice the num- 
ber of mitoses ranged from twuce to three and a halt 
times the normal Thus m the benzene-treated mice as 
compared with the controls there w r as an carh intensi- 
fication of mitotic proliferation, but the return to the 
resting state was somewhat more rapid than m the 
latter 
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(b) New Epithelium In the benzene-treated mice 
the epithelial tongues advanced more rapidly toward the 
;enter of the wound than those in the untreated mice 
(table 2, column 8) Three days after operation the 
mean length of the tongues w as 0 39 mm in the 2 
benzene-treated mice, whereas in the 4 untreated mice 
it was only 029 mm Five days after excision the cor- 
responding mean figured were 0 57 mm. m the benzene- 
treated mice and 0 46 mm m the 4 untreated animals 
After eight days the tongue was 0 68 mm long in one 
of the benzene-treated mice, while in the other both 
tongues had already met in the center, indicating com- 
plete epithehzation of the defect In none of the un- 
treated animals had the tongues met at this stage, the 
mean length of the tongues being 067 mm Ten dais 


normal m the benzene-treated animals, compared with 
two and a half to four and a half times the normal m 
the 'untreated mice (table 2, column 10) Thus, also 
in the regenerating epithelium the return to the resting 
state was accelerated in the benzene-treated mice 
Second Series Group 2 (benzene applied for two and 
for three months previous to the making of the wound) 
— (a) Old Epithelium The structure of the epidermis 
at some distance from the wound as well as near the 
line of excision did not differ significantly from that 
seen after application of benzene for shorter periods 
The number of mitoses rose and fell about as steeply 
as after two weeks or one month of treatment, or per- 
haps even somewhat more steeply inasmuch as the peaks 
were already present after three days and the drop was 


Table 2 — Benzene-Treated Animals 


Mitosis in Multiples of the Normal 
Rows of Cells in Mean, Maximum and 





Ratio of 

t 

- JL. 



Minimum 

Values 




Basal to 

Distant 

Inser- 


Length of 

r 


Duration of 

Days After 


Spinous 

Epithe- 

tion of 


Tongue, 

Original 

New 

Treatment 

Excision 

Animals 

Cells 

lium 

Tongue 

Tongue 

Mm 

Epithelium 

Epithelium 

2 weeks 

3 

232 

1 1 

3 

. 45 

23 

0 39 

5 max. 6 

5 max 6 









min 4 

min 4 


5 

236 

1 1 

3 

8-9 

4 5 

056 

8 max 10 

5 max 6 









min 6 

min 6 


8 

240 

1 0 75 

3 

7 

34 

068 

2 max 2 

2 max 2 









min 2 

min 2 


10 

244 

VI 

3 

•7 8 

3 4 

Closing 

V-jC max 3 

2 max 2% 









min 1 

min 1% 

1 month 

3 

248 

1 1 

3 

6-7 

34 

0 39 

» 5 max 6 

3% max 4 









min 4 

min 2% 


5 

325 

115 

23 

56 

23 

058 

6 max 7 

7 max 7% 









min 4% 

min 6 


8 

32C 

15 1 

3 

6-7 

34 

Closing 

1 % max 2 

3% max 4 









min l 

min 3 


10 

327 

12 1 

23 

56 


Closed 

1 max 1% 

2 max 2% 









min 1 

min 1% 

2 months 

3 

264 

111 

3 

6-7 

45 

0 37 

7mnx 10 

5% max 6% 









min 6 

min 4 


5 

263 

12 1 

34 

0-7 

3-4 

0 72 

4 max 5 

4!£ max 5\i, 









min 3 

min 4 


8 

272 

1 1 2 

3 

6-7 

34 

063 

3 max 4 

2 max 2% 









min 2% 

min 1% 


10 

276 

15 1 

23 

6-7 


Closed 

2 max 3 

1 max life 









min 1% 

min 1 

3 months 

3 

260 

1 1 

3 

67 

4 

0 37 

5 max 6 

5 max 6 









min 3 

min 3% 


5 

284 

1 1 

34 

78 

4 5 

067 

3 max 4 

4% max 5 









min 2 

mm 4 


8 

288 

112 

3 

67 


Closing 

1% max 2 

2 max 3 









min 1 

min 1 


10 

292 

1 1 

3 

4 5 


Closed 

1% max 3 

2 max 3 









min 1 

min 1 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 


after operation the wounds were closing or closed m 
the benzene-treated mice, whereas m only 1 of the 4 
untreated animals had the tongue^ approached each 
other closely The thickness of the epithelial tongues 
resembled that found in the untreated controls As in 
the latter, the tongues were composed of from two to 
uve rows of cells (table 2, column 7) 

The number of mitoses in the outgrowing epithelium 
was markedly increased over that found in the untreated 
controls Three days after excision the mean number 
°f mitoses wrns three and a half to five times the normal, 
whereas it wrns below normal in the untreated mice 
After five days the mean mitotic count was five to seven 
times the normal, compared with four to six times in 
fne untreated mice After eight and ten days the mean 
°f the number of mitoses had dropped to twnce the 


noticeable as early as five days after operation (table 2, 
column 9) 

(b) New Epithelium The growth processes were 
similar to those seen after two w'eeks or one month of 
painting with benzene, no further intensification had 
taken place after twm or three months’ application of 
the substance The lengths of the tongues as well as the 
numbers of mitoses -were similar to those found after 
treatment with benzene for shorter periods (table 2, 
columns 8 and 10) 

Third Seues Group 1 (methylcholanthrene-treated 
mice, methylcholanthrene applied for two weeks and 
for one month previous to the making of the wound) — 
(a) Old Epithelium The epidermis at a distance from 
the defect was markedly thickened and keratinized 
Pearls of keratin filled the hair follicles, and frequently 
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the hair had fallen out Here and there the nuclei of the 
epithelial cells had undergone pyknosis, karyolysis and 
karyorrhexis Foci of polymorphonuclear and mono- 
nuclear leukocytes were found in the epidermis and m 
the subcutaneous tissue In the latter, there was edema, 
and the collagenous fibers were fragmented The epi- 
dermis was composed of three to five rows of cells, 
compared with two to three in mice painted with ben- 
zene alone (tables 2 and 3, column 5) The ratio of 
bashl to spinous cells had shifted markedly m favor 
of the latter (table 3, column 4) 

At the margin of the wound the thickness of the epi- 
dermis varied from four to ten rows during the period 
of observation It was thus somewhat thicker than in 
the mice painted with benzene, which showed during the 
corresponding period variations of from four to nine 
rows of cells (tables 2 and 3, column 6) The basal 
cells were as hypertrophic as after treatment with ben- 
zene alone Likewise, after two w eeks of treatment with 
methylcholanthrene, the rise of the mitotic count was 
of the same order as m the benzene-painted animals 
(tables 2 and 3, column 9) However, after one month 
of application of methylcholanthrene the return to the 
resting state during the later stages of wound healing 
was delayed as compared with the course of events in 
both the normal and the benzene-painted mice Ten days 
after excision, the mean of the mitotic counts still re- 
mained four to six times higher than normal, whereas 
in the benzene-treated and the untreated control mice 
the number of mitoses had dropped to almost normal 
(tables 1 to 3, column 9) 

( b ) New Epithelium Three days after operation the 
epithelial tongues advancing into the defect (table 3, 
column 8) w'ere 0 40 mm (mean) long in the mice 
painted for two weeks , they w r ere only 0 345 mm 
(mean) long in the mice painted for one month Fnc 
days after excision the values were 0 52 mm (mean) 
in the animals painted for two weeks and 0 345 mm 
(mean) in these painted for one month Eight and 
ten days after the making of the wound the defects 
were epithelized to a similar extent in both the benzene- 
painted and the methylcholanthrenc-painted group 

The tongues consisted of two to six rows of cells as 
compared with two to five row's in the benzene-treated 
mice The regenerating epithelial cells w'ere almost 
twuce as large as resting epidermal cells After appli- 
cation of the carcinogen for tw'O w'eeks the mean values 
for the mitotic counts (table 3, column 10) were slightly 
higher in the methylcholanthrene series This difference 
became more apparent after application of the carcinogen 
for one month Moreover, whereas after painting with 
benzene the mean mitotic count had dropped to twuce 
the normal ten days after excision, the mitotic count 
was four or five and a half times the normal in the 
mice that had been painted with methylcholanthrene 

Third Senes Group 2 (methylcholanthrene applied 
for two and for three months previous to the making 
of the wound) — (a) Old Epithelium The epidermis 
at a distance from the w'ound had undergone further 
thickening, the average thickness being five to six row's 
three and five days, and four to five rows eight and ten 
days, after excision Large amounts of keratin had been 
laid down The spinous cells outnumbered the basal 
cells now as much as 2 5 1 in 2 animals (table 3, 
columns 4 and 5) Regression of the epithelial cells 
was more marked, and infiltration by polymorphonuclear 
and mononuclear leukocytes w'as more widespread than 
previously How'ever, the hypertrophy of the epidermal 
cells w'as the same as that found after two weeks or 
one month of painting 


The thickness of the marginal epithelium varied 
during the period of observation from five to ten cell 
rows, averaging seven to eight rows throughout the 
ten days of observation The number of mitoses was 
greatly increased, particularly after three months of 
painting, when the mean values reached a maximum of 
from nine and a half to eleven and a half times the 
normal (table 3, column 9) The mitotic count was 
independent of the stage of repair, remaining high 
throughout the period of observation, 

( b ) New Epithelium The regenerating epithelial 
tongues were definitely shorter in the mice painted 
with methylcholanthrene than m the benzene-painted 
and the untreated animals (tables 1 to 3, column 8) 
After two months of application of methylcholanthrene 
there w r as little outgrowth during the first three days 
follow ing operation (mean, 0 075 mm ) But this inhibi- 
tion was only temporary, and at later stages the ad- 
vancement of the tongues was faster However, after 
three months of painting the tongues did not increase 
much m length during the time of observation, being 
0 295 (mean) mm long three days after excision and 
0 35 mm (mean) after ten day s 

The thickness of these short tongues showed marked 
variations of from two to seven rows of cells (table 3, 
column 7) The degree of hypertrophy of the advancing 
epithelial cells was similar to that found after shorter 
periods of painting The mitotic proliferation had in- 
creased to a mean maximum of eight and three-fourth 
times the normal (table 3, column 10) After two months 
of treatment the wounds closed ten days after excision 
There was a maximum of mitotic activity after five 
days, followed by a slow drop during the next three 
days and a somewhat steeper decline during the last 
days of observation, at the time when the wounds closed 
However, there was no return to the normal resting 
state, and m accordance with the increased number of 
mitoses in the original epithelium, the mitotic count 
remained three and a fourth tinjes the normal (table 3, 
column 10) After three months of painting the mean 
mitotic count was seven times the normal three days 
subsequent to excision, and it remained high (six and 
a fourth to eight and a half times the normal) through- 
out the period of observation 

COMMENT 

Repan in the skm of unpamted mice followed 
the course observed m pievious investigations 1 
Wounds 3 mm in diameter at the time of excision 
w ere not completely closed after ten days Tliei e 
was a distinct mitotic cycle typical of regener- 
ating epithelium as shown by Loeb and co- 
workers 3 In the onginal epithelium the mitoses 
increased at first more rapidly than those in the 
new regenerating epithelium In both maximum 
was reached at five days, and then the mitotic 
count declined , but even after ten days the num- 
bei of mitoses m the old epithelium was twice as 
high and the number in the regeneiating 
epithelium thiee times as high as in the resting 
skin 


3 Loeb, L Arch f Entwcklngsmechn d Organ 
24 638, 1907 Loeb, L , and Addison, W H F ibid 
32 44, 1911 Loeb, L, and Spam, K C J Exper 
Med 21 193, 1915 



Table 3 — Mcthylcholanthrene-Treated Animals 


Ratio of 
Basal to 

Duration of Dajs After Spinous 

Treatments Excision Animals Cells 


Rons of Cells In 

i * 

Distant Inser- 
Epithe tion of 

lium Tongue Tongue 


Length of 
Tongue, 
Sim 


Mitosis in Multiples of the Normal 
Slean, Maximum and 
Minimum Values 


Original New 

Epithelium Epithelium 


2 weeks 


1 month 


2 months 


3 months 


( 1 ) 


3 

233 

14 1 

45 

7 

4 

0 37 

3 

234 

1 1 1 

5 

78 

45 

0 43 







Mean 0 40 

5 

237 

1 1 

4 

78 

4 

051 

5 

238 

112 

4, 5 

89 

45 

0 53 







Slean 0 52 

8 

241 

112 

3 4 

G7 

45 

083 

8 

242 

113 

5 

89 

56 

1 05 







Slean 0 94 

10 

245 

2 1 

3 

78 

3 4 

Closing 

10 

246 

15 1 

3 

6 

4 

Closed 

o 

231 

1 1 

5 

5-C 

23 

0 39 

3 

249 

1 125 

34 

67 

3 4 

0 30 







Slean 0 345 

5 

253 

1 1 5 

4 5 

9 10 

45 

0 38 

5 

254 

113 

4 5 

89 

3 4 

0 31 







Slean 0 345 

8 

257 

i n 

3 

45 


Closing 

8 

258 

1 1=2 

34 

G-7 


Closing 

10 

261 

1 1 2o 

4 5 

56 

3 

0 69 

10 
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1 1 1 

34 

45 


Closed 

3 

205 t 

1 1 2 

45 

5-6 

23 

OOS 

3 

2GG t 

1 1 

45 

G 

12 
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Our previous observations concerning the 
effect on the repair of wounds of benzene applied 
to the skin befoie opeiation could be confirmed 
Skin thus treated was thicker and reacted to the 
stimulation exerted by the wound more rapidly 
and more intensely than did normal skm The 
mitotic count lose moie rapidly and to a lugliei 
level than that m unpainted animals, and the 
migrating of the epithelial cells into the defect 




Chart 1 — A, mitotic cycle in the original epithelium 
during ten days of wound repair in control mice and 
in animals treated for two weeks B, mitotic cycle in 
the new regenerating epithelium N stands for the nor- 
mal value and the numbers above N for multiples of 
the normal value 

was accelerated over the normal Consequently, 
epithehzation of the wounds was hastened, and 
the drop of the mitotic activity, approximately 
coinciding with the closing of the wound 
(Loeb 4a ), was moie lapid and reached a lower 
level in treated than m untreated mice This 
stimulating effect of benzene was limited, how- 
ever, and could not be intensified by prolonged 
application 

Methylcholanthrene dissolved in benzene and 
applied to the epidermis previous to excision 

4 (a) Loeb, L J M Research 41 247, 1919 (6) 

Akanva, H ibid 40 311 and 371, 1919 


affected epithehzation of the wounds to a vary- 
ing degree depending on the duration of treat- 
ment pievious to the making of the wound 
After two w f eeks of painting, epithehzation was 
accelerated over the normal, and the defects 
were closed after ten daj'S of observation This 
eftect on epithehzation w T as comparable to that 
exerted by benzene The mitotic activity m 
the original epithelium of the methylcholanthrene- 
treated mice ivas increased m comparison with 
that observed in unpainted animals In the new 
epithelium mitotic activity was likewise intensi- 
fied as compared with that in either untreated 
or benzene-painted mice 

Chart 1 demonstrates the mitotic activity m 
the old and the new epithelium m normal mice 
and in animals painted w ith benzene and methyl- 
cholantlnene for two weeks In all thiee groups 
the typical mitotic cycle existed in the old as well 
as in the new r epithelium There was an early 
use of the mitotic actmt}, then a drop to nor- 
mal oi nearlj normal 



Chart 2 — A , mitotic cycle in the original epithelium 
during ten days of wound repair in control mice and 
in animals treated for one month B, mitotic c> cle in 
the new regenerating epithelium N stands for the nor- 
mal value and the numbers above N for multiples of 
the normal value 

Aftei one month of tieatment until methyl- 
cholanthiene (chart 2) a change in the mitotic 
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cycle was noted in the old epithelium While 
the absolute number of mitoses did not exceed 
that seen after two weeks of painting, there was 
no marked decline in the proliferative activity 
ten days after excision This deviation from the 
oidinary cycle was especially sti iking in 3 of 4 
mice in which the epithelial tongues had met and 
closed the defect, an occurrence which undei 
normal conditions coincides with a steep drop 
of the number of mitoses In the new epithelium, 
on the other hand, the mitotic cycle was still 
piesent, the sharp drop between the fifth and 
the eighth day being due possibly to some un- 
explained accidental factors 

In the mice painted for two months \\ ith 
methylcholanthrene (chart 3), the disturbance of 
the cycle of mitotic proliferation as shown m the 
lack of decline m the mitotic activity in the old 
epithelium dui mg the second pait of the cycle 
became more conspicuous However, the mi- 
gration of the epidermal cells into the wound 
was extremely slow 1 ' during the first three days 
This lag of cell movement was even more sti ik- 
ing since the numbei of mitoses was higher 
than after two weeks or one month of painting 
Closure of the wound occurred aftei teq days of 
observation at the same time as aftei tw r o weeks 
of treatment In view of the intense mitotic 
activity present after two months of painting, the 
epithelization of the defect was comparatively 
delayed, indicating beginning dissociation of cell 
piohferation and cell migration The mitotic 
pi ohferation in the new epithelium continued to 
show the typical cycle an eaily rise which was 
greater than that observed m controls or in 
benzene-treated mice, followed by a decline dur- 
ing the later stages of wound healing 

After thiee months of treatment with methyl- 
cholanthrene previous to excision (chart 4) the 
mitotic activity no longer levealed a cyclic 
character The mitotic count m the old epi- 
thelium was high at the beginning and remained 
high thioughout the period of obseivation, mi- 
gration of the epithelium, on the other hand, 
made scarcely any progress after the first tlnee 
days The dissociation of cell movement and 
cell proliferation was now pronounced Besides, 
theie was a marked change m the mode of 
leaction of the new epithelium Whereas, aftei 
shoitei periods of painting the legeneratmg 
epithelium exhibited a rhythmic cycle during the 
course of repair, it failed to do so aftei three 
months of treatment This seemed even more 
lemarkable since the newly foimed epithelium 
was at no tune under the direct effect of the 
carcinogenic substance This lack of a cyclic 
decline may perhaps be explained partly by the 
failure of the wounds to close, but piobably it is 
laigely due to the effect of methylcholanthrene 


WITH METHYLCHOLANTHRENE 

A comparison of the course of healing of wounds 
subsequent to painting with benzpyrene and with 
methylcholanthrene revealed the following facts 
At any given stage the keratimzation of the epi- 
thelium was more maiked undei the influence of 
benzpyrene than under that of methylcholan- 
thiene, legiessive changes and inflammatory 
leaction m the epideimis and m the connective 
tissue weie likewise moie pronounced in the 
beuzpyiene series Aftei two weeks of painting 
with benzpyrene, the stimulation of proliferation 




Chart 3 — A, mitotic cycle in the original epithelium 
during ten days of wound repair in control mice and 
in animals treated for two months B, mitotic cycle m 
the new regenerating epithelium N stands for the nor- 
mal value and the numbers above N for multiples of 
the normal value 

was somewhat more intense, and the mitotic 
counts rose slightly moie lapidly than after the 
application of methylcholanthi ene On the othei 
hand, the rhythmic cycle of epithelial prolifer- 
ation in the mice painted with methylcholan- 
threne w'as more similar to that seen m the un- 
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treated senes than to that m the benzpyiene 
group After one month of txeatment the in- 
tensification of piohfeiation and the cycle of 
mitotic activity took a similai course in both 
experimental gi oups Aftei two months of 
painting theie was marked inhibition of the 
migration of epithelial cells into the wounds m 
the benzpyiene gioup, whereas in the methyl- 
cholanthrene senes the inhibition of cell move- 




Chart 4 — A, mitotic cycle in the original epithelium 
during -ten days of wound repair in control mice and 
in animals treated for three months B, mitotic cycle m 
the new regenerating epithelium N stands for the nor- 
mal value and the numbers above N for multiples of 
the normal value 

ment was relative lather than absolute In the 
latter group the progress of epithehzation was not 
commensurate with the increased rate of cell 
proliferation After three months of treatment, 


howevei, the inhibition of cell migration was 
maiked in both the benzpyrene-ti eated and the 
methylcholanthi ene-ti eated animals 

The effect of methylcholanthrene on legener- 
ating epithelium may thus he considered as more 
gi aded than that exerted by benzpyiene This 
effect may be correlated with the observations of 
Nicod and Regamey , 0 who found that methyl - 
cholanlhrene produced fewei carcinomas than 
benzpyrene m equally strong solution In our 
animals, we noted the appearance of carcinoma 
after ninety days of painting with benzpjrene 
but we did not obsene at that time a single 
caicinoma in mice treated with metln lcholan- 
threne However, papilloma seemed to de\elop 
moie readily undei the influence of methylcho- 
lanthrene than under that of benzp) rene 

The dissociation of cell migration from pro- 
liferation in the course of regeneration of the 
epidermis is not an effect of benzpyiene alone, 
it is also an effect ot metln Icholanthrene and 
perhaps of other carcinogenic agents This does 
not imply, ho\\e\ei, that it is necessarih cor- 
i elated to the ability of these substances to pro- 
duce cancel As discussed previously the m- 
ci eased keratimzation occurnng as a conse- 
quence of the intensified proliferation of the 
epithelium or of changes in the base of the wound 
may play a role in the disturbance of the motility 
of the cells Expemnents are in piogicss to 
analyze this phenomenon further 

% 

SUMMARY 

Methylcholanthrene applied to the epidermis 
of mice bqfoie the making of a wound influences 
the couise of regeneration in a waj similar to 
benzpyrene The application of methvlcholan- 
threne for tw r o wrecks oi for one month 
intensifies proliferation and migration of the epi- 
thelial cells and thus hastens the healing of the 
wound But after tlnee months of treatment 
with methylcholanthrene, cell migiation is 
markedly inhibited and wound healing delated 
in spite of the greatly increased piohferation of 
the epideimal cells Between these two phases 
theie is an intermediate stage in which the effect 
of methylcholanthrene diffeis fiom that of 
benzpyrene so far as the inhibition of cell mi- 
giation is only tiansitoiy m the case of methyl- 
cholanthi ene and is subsequently compensated 
for by rapid epithehzation of the wound The 
effect of methylcholanthrene on healing of 
wounds is thus a more quantitatively graded one 
than that of benzpyrene 

5 Nicod, J L , and Regamey, J Bull Assoc fran? 
p l’etude du cancer 27 706 1938 



A PRESACRAL CYST APPARENTLY ARISING FROM THE NEUREN1 ERIC 

CANAL IN A NEWBORN INFAN T 

W W BRANDES, MD, and JOHN B SUTTON, MD 

NEW YORK 


Anomalous developments and tumors not in- 
frequently occur m the sacrococcygeal region 
Tumors aie relatively rare in the newborn 
Tumor ventral to the sacrum was found by 
Calbet, 1 who collected 203 cases, to occur once 
m 34,582 births Whittaker and Pemberton * 
stated that the incidence is 1 m every 40,000 
registrations at the Mayo Clinic, repoiting 22 
cases 

This region passes through complicated phases 
of embryologic development Hundhng 1 stated 
that while the entoderm is forming the caudal 
intestine, the dorsal cord and the dorsal canal, 
the mesoderm the connective tissue, the blood 
tessels, the vertebrae and the muscles, and the 
ectoderm the pi lmitive streak, the medullary tube 
and its vestiges, there is a continuation between 
the central canal of the spinal cord and the 
primitive alimentary canal around the caudal 
extremity of the notochoid This communica- 
tion between the cord and the gut is known as 
the neurenteric canal When the proctodeum, 
or primitive anus, mvagmates to form part of 
the cloacal chamber, it meets the gut some dis- 
tance anterior to and above the point where the 
neurenteric canal opens into it Hence there is 
for a time a segment of intestine behind the 
anus tenned the postanal gut This, as well 
as the neurenteric canal, later becomes obliterated 
The development of the ui ogemtal tract is closely 
allied with these changes 

Guis and Stout 4 stated that the neurenteric 
canal is highly transitory in man and normally 
disappears before the neuial gioove is converted 
into a closed tube Eternod 5 descnbed a 2 1 mm 
embijo m which the neurentenc canal was 
obseived 


From the Department of Pathology, Roosevelt 
Hospital 

1 Calbet, J Contribution a 1’ etude des tumeurs 
conge nit ales d origme parasitaire de la regione sacro- 
coccygienne, Paris, G Steinheil, 1893 

2 Whittaker, L D , and Pemberton, J dej Ann 
Surg 107 96, 1938 

3 Hundhng, H W Surg, Gynec & Obst 38 
518, 1924 

4 Guis, J A , and Stout, A P Arch Surg 37 
268, 1938 

5 Eternod, A C F Anat Anz 15 181, 1898 


Middeldorpf 0 m 1885, descnbed tumois oc- 
curring in this legion, and the term Middeldoipf 
tumors has commonly been applied to them since 
then Whittakei and Pemberton 2 expiessed 
the opinion, however, that this term should 
moie correctly be limited to the teiatoid lesions 
which anse from the postanal gut 

Accoiding to Ewing, 7 the embiyologic struc- 
tures which give rise to these giowths are chiefly 
the fovea coccygea and coccygeal vestiges of the 
neurenteric canal, the postanal gut, the neuren- 
tenc canal and the pioctodeal membiane The 
structure of many of these tumors suggests origin 
from various souices such as the coccygeal body, 
bone, cartilage and the neurenteric^ canal rather 
than from the postanal gut Various descuptive 
terms have been applied to tumors occuirmg in 
this legion both m childien and in adults “tei a- 
toma,” “dei mold cyst,” “Middeldorpf tumor,” 
“meningeal cyst,” “ependymal glioma,” “neuro- 
blastoma,” “chondioma,” “giant cell tumoi,” 
“myoma,” “fibroma,” “lipoma,” “cloacal ves- 
tiges,” “parasitic fetus,” “sarcoma,” “caicmoma,” 
and “endothelioma” A laige proportion are 
mainly cystic in character, while otheis aie solid, 
with small cysts scatteied throughout 

Teratoma ansing m the coccygeal region and 
having cysts lined with neural elements has been 
descnbed by Raven 8 , Engelmann, 9 Scheuer- 
mann, 10 Pearse 11 and Law 12 Hundhng 3 re- 
ported 5 cases of piesacial tumor of the adult, 
in these cases the tumor was composed of nerve 
tissue and was diagnosed as ependymal glioma 
Guess 13 described a tumor that involved pre- 
sacral and postsacral regions m an infant and 
diagnosed it as neurocarcmoma Metastases were 
present m the inguinal nodes He assumed that 

6 Middeldorpf, K Virchows Arch f path Anat 
101 37, 1885 

7 Ewing-, J Neoplastic Diseases, ed 4, Philadel- 
phia, W B Saunders Company, 1940, p 1065 

8 Raven, R W Brit J Surg 23 337, 1935 

9 Engelmann Arch f khn Chir 72 942, 1903 

10 Scheuermann, H Arch f khn Chir 88 310 

1908-1909 t 

11 Pearse, H E Surg, Gynec & Obst 33 164, 
1921 

12 Law, A A Surg, Gynec & Obst 17 340, 
1913 

13 Guess, H C Tr Am Proct Soc 37 113, 1936 
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it aiose fiom the neurenteric canal Mallory 14 
repoited a glioma situated in the postsacral 
region Peyron 15 maintained that no genuine 
vestiges of cysts arising from the neurentenc 
canal had ever been described 


We wish to report a cyst lined with gha and 
ependymal cells which occurred in the caudal 
area of a newborn child 

A girl 3 days of age was admitted to the Rooserelt 
' Hospital as a patient of Dr James Thompson A large 



Fig 1 — Anterior view of a cyst situated posterior to the anus 

Fig 2 — Section from the wall of the cyst (X 150) Note the dark row of ependjmal cells on the surface of the 
lining, resting on a narrow zone of glia The glia extends for short distances into the stroma 
Fig 3 — Cajal’s silver stain demonstrating well formed astrocytes (X600) 


14 Mallory, F B J M Research 13 113, 1904- 
1905 

15 Peyron, A Bull Assoc frang p l’etude du 
cancer 17 613, 1928 


cystic mass was present in the sacrococcygeal region 
Prenatally, because of the large size of the mother s 
abdomen, it had been suspected that twins were present, 
but roentgen examination had revealed only one fetus 
and had given no evidence of the cyst The latter had 


brandes-sutton—presacral cyst 
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not interfered with labor, although at the time of birth 
it was the size of a small grapefruit Within the three 
dajs following birth it had increased to the size of the 
child’s head Urination and defecation were not inter- 
fered with (fig 1) 

The infant was well developed and normal except 
for the cyst The skin was tightly stretched over the 
mass, which transilluminated well It lay posterior to 
the rectum and. extended into the pelvis, and the sacrum 
and the coccyx could be palpated on its posterior 
aspect Compression of the cyst did not cause ballooning 
of the fontanels Neurologic examination disclosed no 
abnormality 

Roentgen films showed a mass in the region of the 
perineum and the buttocks The sacrum and the coccyx 
were underdeveloped, and the last two segments were 
displaced posteriorly Along what appeared to be a 
septum were minute deposits of calcium 
Laboratory studies of the blood and the urine gave 
negatrve results 

At operation, the cyst was found to be rather firmly 
attached to the posterior aspect of the anus and distal 
part of the rectum and to the anterior aspect of the 
sacrum It was removed intact, and the wound was 
closed primarily Infection of the wound complicated 
the postoperative course, but the child was discharged 
on the forty-sixth day with complete healing 

Pathologic examination revealed a cystic mass mea- 
suring 10 by 12 cm and weighing 340 Gm Approxi- 
mately half of its surface was covered with smooth thin 
skin It transilluminated throughout It contained 
slightly turbid watery fluid wth a faintly greenish tinge 
The lining was everywhere smooth and gray 
The fluid contained 02 per cent protein, and its />« 
was 7 8, the amylase value was 51 units, the sugar 
content was 60 mg per hundred cubic centimeters 
Microscopic sections revealed a thin covering of skin 
with short rete pegs and slight keratimzation of the sur- 
face layers of the epidermis The structure of the corium 
was normal Sections cut from multiple areas showed a 
thin lining layer of glial tissue (fig 2) with short exten- 
sions into the surrounding fibrous stroma The glia was 
everywhere fully differentiated Cajal’s stain (fig 3) 
showed well developed astrocytes and fibrillary stroma 
In many areas cells perpendicularly arranged rested on 
this underljmg glial tissue 


COMMENT 

The case is unique m that the cyst was lined 
throughout with well differentiated glial tissue, 
everywhere uniform in thickness The fact that 
ependymal cells were present only in scattered 
areas can be explained on the basis of the rapid 
enlargement of the cyst following birth, which 
left only scattered remnants of the ependymal 
lining as the cyst wall was stretched This rapid 
enlargement must have been due m part at least 
to the liberation of the infant with the cyst from 
the confined uterine space Clinical examination 
produced no evidence of a connection with the 
central nervous system, and postoperatively no 
leakage of spinal fluid occuired 

The structure of the cyst wall and its position 
anterior to the sacrum indicate that it arose from 
the neurentenc canal The main element of the 
wall was the neural tissue The only mesodermal 
element present was the stroma supporting the 
blood vessels and the glial lining In the areas 
examined, no muscle, bone, cartilage or epithelial 
elements weie seen It is therefore a simple 
cyst of neural origin and cannot be classified 
as a teratoma Hansmann 1(5 expressed the opin- 
ion that frequently when a remnant of the neuren- 
tenc canal is the source of a tumor, there is an 
anterior sacral defect In this case the sacrum 
was underdeveloped 

SUMMARY 

A presacral cyst with a lining composed of fully 
differentiated glial and ependymal tissue was 
surgically removed from a newborn infant Its 
structure and position indicated origin from the 
neurentenc canal 


16 Hansmann, G H Surg, Gvnec & Obst 42 124, 
1926 



CORONARY ARTERIOSCLEROSIS AND MYOCARDIAL INFARCTION 
AS STUDIED BY AN INJECTION TECHNIC 

J B HOLYOKE, MD 

ROCHESTER, MINN 


A more accurate concept of the significance of 
scleiosis of the coronary artenes in 1 elation to 
myocardial disease has been achieved in lecent 
years The development of such a concept has 
been aided by an injection and dissection technic 
devised by M J Schlesinger 1 
Between July 14, 1943 and May 18, 1944, 
adult heaits fiom the autopsy service of the 
Mary Hitchcock Memorial Hospital, Hanovei, 
N H , were examined by this technic Aftei 
injection of the vessels and roentgen examina- 
tion of the heart, the coronary arteries were 
dissected, and all occlusions and narrowings 
were recorded as to location and length of the 
portion of vessel involved In narrowing with- 
out occlusion, the degree of constriction was esti- 
mated Slight changes were designated as 
grade I and extreme changes as giade IV 
Anastomoses weie likewise lecoided 


distribution of the occlusions in age and sex 
groups is indicated in table 1 


Tabu 1 — Dishibution of Occlusions of ihc Coiomvy 
4itencs tn Ape and Sex Gioups 
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In the 12 hearts with occlusions, thuty-one 
points of obsti uction were found Eight of these 
weie recent, and twenty-thi ee were old The 
i ecent obstructions w ere all pi oduced by throm- 


Table 2 — Distubufion of Occlusions in ihc Three Systems of the Coiouary Arteries 


Loft Descending Left Circutnflev Eight 

c — -'*• \ r “ ■■ * — * n t~ K * 1 1 x 

Stem Brnncli Total Stem Branch Total Stem Brnncli Total Total 

Recent 420 0 1 1 1 0 1 S 

Old 3 8 11 1 4 5 1 3 7 2> 

Total 7 10 17 1 5 0 5 3 S SI 


The myocaidium was examined by splitting 
the left ventricle from apex to base parallel to 
the pencaidium, thus exposing the laigest possi- 
ble surface of the myocardium in one plane The 
septum was similarly split Other incisions wei e 
made perpendicular to the fiist to reveal lesions 
lying m othei planes Recent infarcts and scars 
were described Fiom ten to twenty sections 
representing all regions of the heait weie taken 
for microscopic study The observations were 
correlated with the clinical findings 

OCCLUSIONS or THE CORONARY ARTERIES 

Seventy heaits were examined In 12 the 
coronary arteries w r eie seen to be occluded The 

From the Department of Pathology, Dartmouth 
Medical School, and the Laboratories of the Mary 
Hitchcock Memorial Hospital, Hanover, N H 

1 Schlesinger, M J Am Heart J 15 528, 1938 


bosis with oi without intiinal hemorrhages and 
were all estimated as less than two weeks old 
All remaining occlusions w^eie designated as “old 
occlusions ” Horn and Fmkelstein 2 pointed out 
the difficulty of separating the lesions into those 
due to old acute occlusions and those due to 
giadual athei osclerotic nairowung 

Multiple complete obstructions in single cases 
were seen In 1 case theie w r ere one fresh and 
five old occlusions In a second there w T ere 
foui recent and three old occlusions The aver- 
age length of the portion of vessel involved in 
old lesions was 0 3 cm Seven involved portions 
measured 0 2 cm or less Thu teen points of 
obstruction weie m the three main stems and 
eighteen in their branches The system of ves- 
sels most often involved was the left descending 
coronary artery and its blanches (table 2) 

2 Horn, H , and Fmkelstein, L E Am Heai t J 
19 655, 1940 
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INTER ARTERIAL ANASTOMOSIS 

Thiee of 11 hearts with old occlusions showed 
no gross scars (table 3) Two of 5 hearts with 
recent occlusions of mam stems showed no 
recent macroscopic infarcts (table 7) Occlusion 
without infarction can be explained only in the 
presence of a rich collateral cuculation Anasto- 
moses were demonstrated in all heaits with 
severe coronary arteriosclerosis Among the re- 
maining hearts, collateral circulation was indi- 
cated only m several instances of marked caidiac 
hypertrophy 

OLD OCCLUSIONS WITHOUT INFARCTS OR 
COMPLAINTS REFERABLE TO THE HEART 

Three patients m the group of 12 with occlu- 
sions gave no history of complaints referable to 


sclerosis or m whom there was an increased 
demand for blood supply m the myocardium, the 
inadequacy of the coronaiy circulation was indi- 
cated clinically during increased activity by 
angina pectoris This insufficiency of the coro- 
nary circulation was only relative and was re- 
lieved on resumption of lest The data on 
9 patients with angina pectons are summarized 
in table 4 When sclerosis was slight, other fac- 
tois decreasing coronary flow or calling for 
mci eased cardiac activity were found as abnor- 
malities In the smallest heait, two mam trunks 
were completely occluded, and all thiee mam 
stems showed extreme narrowing In the eighth 
patient only one mam stem was involved m 
marked narrowing, but long-standmg extreme 
hypertension with prolonged cardiac decompen- 
sation was piesent In the ninth patient there 


Tablf 3 — Data on Patients Who Had Old Occlusions Without Scats 


Estimated 

Heart Maximum Blood Pressure Systems with 


Age of 
Patient 

Sex 

Weight, 

Gm 

Normal Heart 
Weight * Gm 

t 

Systolic 

— A 

Diastolic 

Occlusions 

Grade III or j 
Narrowing 

74 

M 

390 

373 

115 

75 

2 stems 

s 

67 

F 

270 

250 

180 

90 

2 branches 

3 

83 

F 

3SG 

26S 

170 

82 

2 branches 

1 


* According to H L Smith (4.m Heart J 4 79, 1928) 


Table 4 — Data on Nine Patients with Angina Pectons 


Estimated 

Maximum 

Normal 




Heart 

Heart 

Blood Pressure 

Age of 


Weight, 

Weight, 



Patient 

Sex 

Gm 

Gm 

Systolic 

Diastolic 

56 

P 

310 

366 

170 

90 

52 

M 

400 

350 

150 

90 

63 

M 

470 

322 

170 

90 

69 

M 

470 

372 

100 

90 

71 

M 

400 

363 

180 

110 

78 

M 

500 

310 

190 

100 

73 

M 

540 

370 

130 

80* 

49 

P 

583 

268 

280 

160 

54 

M 

530 

310 

100 

S5 




Systems 





■nith 



Old Occlusions 

N arrowing 


Macro 


A 

of Grade 

Complicating 

scopic 

Stems 

Branches 

III or IV 

Lesions 

Scars 

2 

1 

3 


+ 

1 

1 

3 


+ 

1 

0 

3 


+ 

1 

0 

3 


+ 

1 

0 

2 


+ 

0 

2 

3 


+ 

0 

0 

3 


+ 

0 

0 

1 


+ 

0 

0 

0 

Aortic stenosis 

? 


* Recorded in the presence of fibrillation and extreme cardiac decompensation 


the heart In their myocarduuns no areas of 
grossly visible scarring were seen (table 3) 
Coronary arteriosclerosis was severe, howevei, 
only 1 of the hearts was of markedly mci eased 
size, the heait with the least sclerosis of the 
coronary arteries In only 1 case was a model - 
ately high blood pressure recorded, the case in 
which the smallest heart was noted Factors 
i equirmg an increased blood supply were gen- 
erally slight, and there was no element apparent 
other than arteriosclerosis to limit the flow of 
blood through the coronary arteries 

ANGINA PECTORIS 

In the group of patients (table 4) in whom 
there was an extieme degree of coronary arteno- 


was only slight scleiosis of the coronary vessels 
A stenosed aortic valve, however, might have 
served to decrease the coronaiy blood flow and, 
at the same time, to mci ease the demand on the 
myocardium 

MYOCARDIAL INFARCTION 

Myocardial anoxia, if severe and prolonged, 
may lead to infarction with typical symptoms 
and typical physical and laboratory findings In 
table 5 are summarized data on 3 patients with 
acute occlusion followed by infarction The 
occluding lesions m every instance proved to be 
thromboses with or without mtimal hemoirhages 
In all cases typical symptoms and signs of mfarc- 
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tion wete present The infarcts weie irregular 
m outline and poorly demarcated 

A striking feature in each instance was the 
extreme degree of arterial obstiuction withstood 
by the heart before its circulation became so 
limited as to result in changes incompatible with 
life Necrosis of a large area of heart muscle 
most commonly follows acute occlusion of a 
coronary artery, but sinnlai changes are seen m 
the absence of recent total arterial obstruction 
Summarized in table 6 are the data on a patient 
who had mfaiction without occlusion Ten weeks 
before death he had severe substernal pam , 
the duration was approximately three and one- 


pi efened the diagnosis “acute coronary insuf- 
ficiency ” 

This case supports the thesis that the diag- 
nosis “acute coronary occlusion” can be made 
logically only when characteristic symptoms are 
initiated undei conditions in which there has not 
been a call for increased supply of blood to the 
heart or in W'hicli other factors which might 
lapidly decrease the oxygen carried to the myo- 
cardium, such as shock and hemorrhage, are 
absent Furthermore, acute occlusion of the 
coronary aitenes may occur without myocardial 
infarction Therefore, it is unwise to assume 
that infarction lias occurred unless the telltale 


Table S — Data on PaUcnts with Recent Occlusion I olloivcd by Infarction 





Estimated 






Systems 






Mnximum 






with 





Heart 

Normal 



J- stimated 

Old Occlusions 

Grades 

Recent Occlusions 

Age of 


Weight, 

Weight, 

Duration of 

Duration of 

Vgc of 

t 

—A 

Ill or IV , 




Patient 

Sc\ 

6m 

Gin 

Illnc«s 

Pain 

Infarct 

Stems 

Branches 

Sclerosis 

Stems 

Branches 

51 

F 

310 

30G 

4 daj's 

Prolonged 

4 dnys 

O 

1 

3 

2 

2 

78 

M 

600 

310 

13 days 

Prolonged 

13 dajsrfc 

0 

o 

3 

1 

0 

71 

F 

400 

220 

10 hours 

10 hours 

Hours 

0 

5 

3 

1 

0 


half hours, the onset occurred during exeition 
No progiam of treatment was followed Theie 
w ere later episodes of “stinging chest pain ” 
The patient died of general peritonitis A large 


Table 6 — Data on a Patient Who Had Injaiction 
Without Occlusion 




Estimated 



Systems Fsti 



Maximum Blood Pressure 

with ranted 



Heart Normal r 

A. 


■, Grade Age 

Age of 


Weight, Weight, 

Sys 

Dias 

III of 

Patient 

Sex 

Gm Gm 

tolic 

tolic 

Sclerosis Infarct 

51 

M 

375 371 

150 

100 

2 2 3 mo 


signs of infarcted heart muscle are encountered 
In table 7 aie the data on 2 patients w r ho had 
tlnombosis of the coronary arteries without cor- 
responding infarcts though pain, and m 1 patient 
shoclc strongly suggested myocardial infarction 
Thei e w as no friction i ub, leukocytosis, fet er or 
chai actenstic electrocardiographic picture of m} o- 
cardial infarction Acute occlusions were pres- 
ent, but no grossly recognized infarcts w r ere 
detected though the estimated age of these occlu- 
sions was such that necrosis of heart muscle 
could ha\e occuned 


Table 7 — Data on Two Patients Who Had Recent Occlusion Without Recent Infaict 


Age of 
Patient 

Sex 

Heart 

Weight, 

Gm 

Estimated 
Maximum 
Normal Heart 
Weight, 

Gm 

Blood Pressure 

t \ 

Sjstolic Diastolic 

Duration 

of 

Thrombus 

Recent 

Occlusion 

(Location) 

, Old 

Occlusion 

Systems with 
Grade III or IV 
Narrowing 

03 

M 

470 

322 

170 

00 

Dnjs 

1 stem 

0 

U 

53 

M 

400 

35G 

100 

00 

Days 

1 stem 

2 stems 

3 


poorly demarcated myocardial mfarct in the final 
stages of organization was observed This case 
cannot be labeled one of angina pectoris, as the 
pain was not leheved at rest but was prolonged 
It was not “coionary occlusion,” as no occlusion 
existed Schlesmgei and co-woikers 3 have used 
the term “coronary failure” to describe such a 
condition, while Mastei and his colleagues 4 have 

3 Blumgart, H L , Schlesmger, M J , and Zoll, 
PM J A M A 116 91, 1941 

4 Master, A M , Jaffe, H L , Dack, S , and 
Gershman, A (a) J Mt Sinai Hosp 8 820, 1942, 
(b) Am Heart J 27 803, 1944 


That large scais seen in the myocardium are 
almost univei sally the aftermath of infarction is 
geneially accepted The cause of small scattered 
scars is less evident Brcwn s concluded that 
ischemia was the cause of most of the scarring 
in a group of 110 hearts with “myocardial 
fibiosis ” 

Grossly visible scainng was obseived in 26 of 
the 70 hearts m the present series The scars 
ranged from those covering several square centi- 
meters to those consisting of a few scattered areas 


5 Brown, MR Am J M Sc 184 707, 1932 
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of gray streaking Table 8 indicates the distribu- 
tion of the lesions as to age and sex, and table 9 
summarizes the anatomic or clinical abnormali- 
ties considered possibly responsible for the 
lesions 


T-vble 8 — Distribution of Scars in Sex and Age Groups 



20-39 

40 49 50 59 60 69 70 79 

SO S9 

90-99 

Total 

Males 

. 0 

0 5 7 6 

1 

0 

19 

Females 

0 

110 4 

0 

1 

7 

Table 9 

— Possible Etiologic Factois m 

the Production 



of Myocardial Scars 





Etiologic Factors Cases 


Etiologic Factors Cases 

Coronary arteriosclerosis with hy pertension 12 

Coronary arteriosclerosis without hypertension 4 

Hypertension alone 4 

Aortic stenosis 3 

Episodes of severe hemorrhage from chronic duodenal 
ulcer 1 

Hodgkin's disease 2 


There veie 16 hypertrophied hearts in this 
gioup, the enlargement of 13 was associated 


focal myocardial scars seen in all but the sixth 
case In this group as in that in table 9 a 
vanety of conditions were present to produce a 
discrepancy between the heart’s need and the 
supply of oxygen 

A review of this study shows that among 
conditions accompanying myocardial scarring or 
infarction the most frequent is sclerosis of the 
coronary arteries However, often other abnor- 
malities appeared simultaneously with or inde- 
pendently of arteriosclerosis It is thus indi- 
cated that coronary arteriosclerosis is only one 
of several factors which may act to produce 
myocardial anoxia 

COMMENT 

Though many abnormalities frequently accom- 
pany scarring or infarction of heart muscle, 
clinicians and pathologists alike tend to consider 
only coronary arteriosclerosis Yet there is 
abundant evidence 7 that collateral circulation 
may develop rapidly and effectively to assume 
the function of the constricted vessels The 


Table 10 — Data on Patients in Whom Focal Lesions of the Myocaiditnn Had Occurred 


Age of 
Patient 

Sex 

Heart 

Weight, 

Gm 

Estimated 

Maximum 

Normal 

Heart 

Weight, 

Gm 

Old 

Occlu 

sions 

Recent 

Occlu 

sions 

Systems 

with 

Grade 

III or rv 
Narrowing 

Healed 

Mncro 

«copic 

Scars 

Other Important Factors 

79 

M 

555 

333 

0 

0 

0 

+ 

Calcareous aortic valvular disease 

50 - 

H 

1,040 

412 

0 

0 

0 

-f 

Calcareous aortic valvular disease 

74 

F 

400 

226 

Branches, 5 

0 

3 

+ 

Hypertension 

63 

11 

470 

322 

0 

Stems, 1 

3 

+ 

Hypertension 

52 

M 

400 

35G 

Stems, 1, 

Stems, l 

3 

+ 

Hypertension 

71 

F 

296 

193 

branches, 1 

0 

0 

0 

0 

Organizing pneumonia, pulmonary fibrosis 


w ith hypertension and that of 3 with aortic 
stenosis All hearts listed as showing arterio- 
sclerosis contained at least one mam stem with 
sclerosis interpreted as grade III or IV Abnor- 
malities were present m each heart of a type to 
eithei mciease its need for blood or to decrease 
the oxygen carried to it by the blood Two 
cases of Hodgkin’s disease were apparent excep- 
tions Ten hearts of the group showed no 
significant arteriosclerosis 

In table 10 are summarized the data on patients 
whose myocardium showed eithei microscopic 
zones of necrosis with acute inflammatory 
exudate oi small areas of gianulation tissue 
These lesions were histologically identical with 
larger obvious infarcts, differing from them only 
m size Such lesions in similar circumstances 
hare been described by others 6 They were 
interpreted as minute infarcts, and it is believed 
that their end stage would appear similar to the 


^ 00 Gross! H, and Spark, C Am Heart T 
14^160, 1937 (6) Fahr, G JAMA 105 1396 


importance of this collateral flow is paramount 
in determining the effect of occlusive disease of 
the coronary arteries on the myocardium 
As sclerosis of coronary arteries pi ogresses 
and new anastomotic channels develop, the path 
of blood flow may become quite complex, so that 
areas once supplied by one artery may now be 
supplied m part or entirely by a different artery 
whose origin may be far removed from the first 
Further narrowing or sudden occlusion m this 
cn cum stance could be expected to render a 
different intensity and pattern of ischemia than 






( b ) Spalteholz, W Die Artenen der Herzwand, Leip- 
zig, S Hirzel, 1924 ’ (c) Gross, L The Blood Supply 
to the Heart, New York, Paul B Hoeber, 1921 (d) 

Blumgart, H L , Schlesinger, M J , and Davis D 
Am Heart J 19 1, 1940 (e) Prinzmetal, M , In- 

land, A , Margoles, C, and Tragerman, L J J Mt 
Sinai Hosp 8 933, 1942 (/) Wiggers, C J Am 

D? J 7 1 u t 41 ’J 93 i (g 2 BIumgart - H L - Gilligan, 
P P ’ P olI > P , M . Freedberg, A S , and Schlesinger, 
A! J Tr A Am Physicians 57.152, 1942 (/;) Eck- 

s 1 teln ’ R W , Gregg, D E , and Pritchard, W H 
Am J Physiol 132 351, 1941 (i) Schlesinger i 
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similar changes in a noimal set of vessels These 
differences aie demonstrated in expei imental 
and autopsy studies Ligation of a coronary 
aitery in a dog’s heart pioduces a well cir- 
cumscnbed area of infarction 8 Similaily it has 
been obseived that recent large circumscribed 
infarcts in human heaits are usually the results 
of sudden occlusion m a set of 1 datively lightly 
involved vessels 9 In contrast patchy necrosis or 
“infarction at a distance” 10 may occur m sudden 
aitenal occlusion in hearts with severe coionary 
aitenosclerosis At otliei times recent myo- 
cardial changes may be absent 11 Lowe has 
shown by injecting dye into branches of scle- 
rosed coronary vessels of human heaits that the 
distubution of stained myocaidium is patchy 
Many have noted patchy distribution of scarring 
in hearts with severe arteriosclerosis 12 

Variations in the fundamental pattern of coro- 
nary arteries may furthei affect the result of 
occlusive disease Several authors 13 have ob- 
served a recipiocal relationship in the distiibu- 
tion of the right and the left circumflex coronary 
arteries Schlesingei 13n divided hearts into 
three groups on this basis He demonstrated 
that large anastomoses develop with vaiying 
facility according to the type of circulation pies- 
ent Therefore, a given amount of sclerosis 
could be expected to produce varying amounts 
of damage according to the pattern of \esscls 
present 

The ability of the coronal y circulation to 
adapt itself readily to occlusive arterial disease 
accounts for the man}’' obseivations that extreme 
artenosclerosis to the point of occlusion may be 
found m hearts of persons who have nevei com- 
plained of angina pectons oi of symptoms of 
cardiac decompensation and in whose hearts no 
aieas of scarring or evidences of failure aie 
found In such persons the coronaiy circulation 
supplies the heart muscle with sufficient oxygen 
to maintain it at rest and dunng the usual 
activity of the individual This and otliei 
studies 14 indicate that this gioup of people 

8 Karsner, H T , and Dwyer, J E J M Research 
34 21, 1916 

9 Lowe 7!l Blumgart and others 7tl 

10 Bean, W B Ann Int Med 12 71, 1938 Blum- 
gart and others 7,1 

11 Saphir, O , Priest, W S , Hamburgei, W W, 
and Katz, L N Am Heart J 10 567 and 762, 1935 
Eckstein and otliei s 7h 

12 Friedberg, C K, and Horn, H J A M A 
112 1675, 1939 Master and others 4a Blumgart and 
others 7,1 

13 (a) Schlesinger, M J Arch Path 30 403, 1940 

(b) Whitten, M B Arch Int Med 45 381, 1930 

(c) Gross 7c 

14 Blumgart and others (footnotes 3 and 7 rf) 


generally lack conditions other than coronary 
aitenosclerosis which might produce myocardial 
anoxia 

Such additional conditions indicated as impor- 
tant by clinical, pathologic and experimental 
studies can be divided into tlnee gioups (1) 
mci eased oxygen requnement of the heart, 
(2) decreased oxygen-carrying function of the 
blood, (3) decreased volume flow of the coio- 
naiy cn dilation 

The fiist condition may be pioduced by factors 
augmenting the heart s activity, such as h} per- 
tension, 15 thyrotoxicosis, 1 * 1 valvular heart dis- 
ease 17 and physical exertion 18 Hypertrophy ot 
a heart requires an increased blood suppl), and, 
according to some workers, is important in 
decreasing the vascular bed in relation to the 
muscle mass 19 Also it may produce ischemia 
of the individual fiber by increasing the size of 
the fiber and thus the distance that oxygen 
must diffuse 20 This thesis, howe\er, is con- 
tested - 1 

A decrease in the oxygen-carr}ing function of 
the blood may occur in anemia,- 2 caibon mon- 
oxide poisoning, 23 exposuie to ox) gen-poor 
atmosphei es 24 and in certain pulmonaiy dis- 
eases 25 

A decrease in volume of coronaiy cn dilation 
maj occui in such conditions as occlusion of 
coronary ostiums m syphilis.- 0 rheumatic arteri- 
tis, 27 periartentis nodosa,- 8 myocardial arteriolar 

15 Levine V Arch Path 18 331, 1934 ralir 61 ’ 

16 Mennc, F R , Jones, O N , and Jones, N W 
Arch Path 17 333, 1934 

17 Blumgart and others 3 Friedberg and Horn 12 

18 (a) Wood, F C, and Wolfeith, C C Arch 

Int Med 47 339, 1931 (i>) Riseman, JET, and 

Brown, M G Am Heart J 18 150, 1939 

19 Wearn, J T Bull New York Acad Med 17 
754, 1941 Gross and Spark (,n 

20 Harrison, T R , Ashman, R , and Larson, R M 
Aich Int Med 49 151, 1932 Gross 0,1 Wearn 10 

21 Dock, W J Exper Med 74 177, 1941 

22 Buchner, F, and -\on Lucedow, W Beitr z 
path Anat u z allg Path 93 169, 1934 Master, 
A M , and Jafte, H L J Alt Sinai Hosp 7 26, 
1940 Friedberg and Horn 12 

23 Cluist, C Beitr z path Anat u z allg Path 
94 111, 1934 

24 Rothschild, AI A , and Kissen, AI Am Heart 
J 8 729, 1933, Proc Soc Exper Biol & Alcd 29 
577, 1932 Riseman and Broum 1SI) 

25 Alaster, A AI , Gubner, R , Dack, S , and Jaffe 
H L Arch Int Aled 67 647, 1941 Blumgait and 
others 7d Friedberg and Horn 12 

26 Clawson, B J Am Heart J 4 1, 1928 Saphir, 
O , and Scott, R W ibid 6 56, 1930 

27 (o) Slater, S Am J AI Sc 179 22, 1930 (b) 

Karsner, H T , and Bayless, F Am Heai t J 9 557, 
1934 (c) Hall, E AI, and Ichioka, T Am J Path 

16 761, 1940 

28 Ophuls, W Arch Int Aled 32 870, 1923 
Arkin, A Am J Path 6 401, 1930 
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sclerosis, 29 aoitic valvular disease, 80 cardiac de- 
compensation 31 and certain arihythmias 32 Any 
condition provoking prolonged episodes of low 
blood pressure may be associated with infarc- 
tion of heart muscle 33 A derangement of reflex 
or hormonal control of coronary blood flow 
must be a significant element 34 Experiments m 
animals 35 and studies of the human heart 31 
lend abundant evidence to support this con- 
clusion For example, demonstrations of the 
effect of cold in angina pectoris are sti iking 30 
These factors may well account foi discrepancies 
m symptoms oi m myocardial changes in cases 
with similar anatomic pictures 

Observations from the study of this series and 
data collected from the literature indicate that 
coionary arteriosclerosis, though occurring most 
frequently, is only one of many possible abnor- 
malities that may act to produce an insufficient 
supply of oxygen in the myocardium 

29 Lisa, J R , and Brown, C R Ann Int Med 
14 2147, 1941 Plaut, A , and Kramer, M L Arch 
Path 22 393, 1936 

30 Green, H D Am J Physiol 115 94, 1936 
Green, H D , and Gregg, D E ibid 130 126, v 1940 
Hall and Ichioka - 7 c 

31 Kauntz, W B , and Smith, JR J Clin Inves- 
tigation 17 147, 1938 

32 Gregg, D E Am J Physiol 114 609, 1936 
Harrison and others 20 Clawson 20 

33 Gross, H , and Sternberg, W PI Arch Int 
Med 64 249, 1939 Friedberg and Horn 12 

34 Gilbert, N C Quart Bull , Northwestern Umv 
M School 16 179, 1942 Gross and Sternberg 33 

35 Hinnchsen, J, and Ivy, A C Arch Int Med 
51 932, 1933 Manning, G W , Hall, G E , and Bant- 
ing, F G Canad M A J 37 314, 1937 

36 Freedberg, A S , Spiegl, E D , and Riseman, 
J E F Am Heart J 27 611, 1944 


The pattern of the vessels and the changes 
lesulting m the coronary circulation from nar- 
rowing deteinune the site and, to varying de- 
grees, the intensity of the ischemia The more 
pronounced othei factors become, the less pro- 
nounced must be the occlusive effect of coronary 
aitenosclerosis m the production of anoxia with 
the lesulting symptoms and anatomic changes 

SUMMARY 

An unselected series of 70 adult hearts were 
studied by the Schlesmger injection technic 
Occlusions of the coronary artenes were 
demonstrated in 12 of the 70 hearts In these 
12 hearts thirty-one points of obstruction were 
demonstrated Thirteen were m the mam stems 
of the three pi mcipal coronary arteries Eighteen 
Mere in the large branches 

Interarterial anastomoses were demonstrated 
m all hearts with pronounced artenosclerotic 
narrowing Only in the presence of marked 
hypertrophy were such anastomoses demon- 
strated in other heaits 

In 3 of 11 hearts with old occlusions of the 
coronary arteries there were no old infarcts In 
2 of 5 hearts with recent occlusions of the coro- 
nary arteries there were no coi responding recent 
infarcts 

In 1 of 4 heaits with recent infarcts there 
Mas no recent occlusion 

Grossly recognizable scars were piesent m the 
myocardium of 26 of the 70 heaits 

Data from this Mork and from the literatuie 
emphasize that coronaiy arterioscleiosis is only 
one of the many factors which may be responsi- 
ble foi the anatomic changes and the symptoms 
resulting from myocauhal anoxia 
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PERIARTERITIS NODOSA PRODUCING ANEURYSM OF THE RENAL 

ARTERY AND HYPERTENSION 

PrTER A Herbut, M D , and Alison Ii Price, M D , Philadelphia 


That one form of hypertension m man is of 
1 enal 01 lgm has been accepted by most observei s 
From a review of the litei attire it is apparent 
that the recorded cases may be divided into two 
groups, namely, those in which the primary dis- 
ease affected the mam renal artery or its orifice 
thereby producing nan owing of the lumen and 
lenal ischemia, and those m which the disease 
affected primarily the renal parenchyma itself 
The reported causes of the former include ai- 
tenosclerosis, 1 periarteritis nodosa, 2 congenitally 
misplaced plug of smooth muscle, 3 dissecting 
aneurysm 1 and thrombosis of the main renal 
artery/’ while the reported cases of unilateral 
disease of the renal parenchyma include pyelo- 
nephritis, renal calculi, hydronephrosis, infarcts, 
tuberculosis, cortical abscesses and hyperneph- 
roma 23 

In spite of the ever increasing number of 

reports on aneurysm of the renal artery G the 

relationship between such a lesion and renal 

hypertension has not been well established In 

a recent review of the literature on obstructive 

lesions of the mam renal artery, Yuile ld found 

that hypertension was seen in only 8 of 77 

reported cases of aneurysm of this vessel and 

concluded that “available data provide little more 

than a suggestion of an occasional association 

between this type of lesion and hypertension ” 

Because of the infrequency with which an etio- 

logic relationship has been found to exist between 

aneurjsm of the renal artery and hypei tension, 

the role which periarteritis nodosa might play m 

such a combination must indeed be small One 

can be certain that this disease is not one of 

the common causes of aneurysm of the mam 
_ # 

From the Department of Clinical Laboratories of 
Jefferson Medical College Hospital and the Department 
of Medicine of Jefferson Medical College 

1 (a) Blackman, S S Bull Johns Hopkins Hosp 

65 353, 1939 ( b ) Richardson, G 0 J Path & Bact 

55 33, 1943 (c) Stewart, C F J A M A 114 
2099, 1940 (d) Yuile, CL Am J M Sc 207 394, 

1944 

2 (a) Abeshouse, B S Surgery 9 942, 1941 , 10 

147, 1941 ( b ) Spiegel, R Arch Int Med 58 993, 
1936 (c) Wever, G K , and Perry, I H JAMA 

104 1390, 1935 

3 Leadbettei, W F, and Burkland, C E J Urol 
39 611, 1938 

4 Riggs, T F, and Satterthwaite, R W J 
Urol 45 513, 1941 

5 Saphir, O , and Ballinger, J Arch Int Med 

66 541, 1940 Yuile « 

6 (a) Mathe, C P J Urol 27 607, 1932 ( b ) 

Howard, H H , Suby, H I , and Harberson, J ibid 
45 41, 1941 (c) Lowsley, O S , and Cannon, E M 

JAMA 121 1137, 1943 


i enal artery or of any of its immediate branches, 
foi these causes, as listed b) Mathe/ 3 Howard, 
Suby and Harberson cb and Lowsley and Can- 
non/ 3 consist of trauma, congenital defects in 
the aitenal wall, arteriosclerosis, syphilis and 
severe infections such as pneumonia, pleurisy, 
rheumatic fever, endocarditis, malaria, dysentery 
and chronic nephritis Although in each of the 
three review’s just refened to penai tentis nodosa 
is also listed as a possible cause in none is the 
number of recorded cases stated nor is any 
reference given to a report of cases in which it 
w as a cause Thus Mathe 0n said that “only 
9 of the 56 cases reuewed had arteriosclerosis, 
only 2 w’eie suffering from syphilis and an 
equally small number piesented penarteritis no- 
dosa " How’ard, Suby and Harberson ob said 
the same thing in practically the same words 
and Lowsley and Cannon 0c reported that "peri- 
arteritis nodosa although occasionally generalized 
displays a particulai affinity for the renal arten 
and a small numbei of cases have shown this 
pathologic entity at autopsy ’ 

Thus, because aneurysm of the main renal 
artery or its immediate branches developing on 
the basis of a previous periaitentis nodosa is 
not common, and because the association of such 
an aneurysm w’ltli the de\elopment ot hyperten- 
sion has never been satisfactory demonstrated, 
we are lecordmg 2 cases 

REPORT or C \SES 

Case 1 — A 44 year old Italian man, who had no 
noteworthy previous illnesses, consulted his physician 
because of gross hematuria and dull pam in the left 
costovertebral angle in July' 1943 At the time of this 
and other visits to his plnsician his blood pressure 
ranged from 116 to 130 mm of mercury systolic and 
68 to 74 mm diastolic Because lus symptoms v r ere 
unaccounted for, he w r as sent to another hospital for 
study, w'here both an indigo carmine test and a retro- 
grade pyclogram showed no abnormality in cither kid- 
ney A urinalysis disclosed albumin (a trace), erythro- 
cytes and a few pus and epithelial cells There were 
17,600 leukocytes per cubic millimeter of blood yvith 
80 per cent polymorphonuclear cells and 3 per cent 
eosinophils The hematuria and the lumbar pam dis- 
appeared, and he was entirely' well until December 1943, 
yvlien severe headaches, dizziness and blurring of vision 
developed With these symptoms he was admitted to 
the Jefferson Medical College Hospital on April 1, 1944 

Physical examination gay'e negative results except for 
a blood pressure of 170 mm of mercury systolic and 
120 mm diastolic and “diffuse hypertensive retinal 
changes with arteriosclerosis, grade III ” The eye- 
grounds showed both arteriolar changes in the form 
of perivasculitis, calcification and obliteration and, of 
more recent origin, edema of the nerve heads, cotton 
wool exudates and flame-shaped hemorihages Sev'eral 
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urinal} ses disclosed a specific giavity around 1008, 
traces of albumin in some specimens and a few hyaline 
casts and leukocytes but no erythrocytes A phenol- 
sulfonphthalein test showed less than 5 per cent of the 
dye excreted in fifteen minutes and 10 per cent in 
thirty minutes The urea clearance was 70 per cent of 
normal The Wassermann and Kalin tests of the blood 
and the Wassermann test of the spinal fluid were nega- 
tive, and the blood urea nitrogen and proteins were 
normal An intravenous urogram and a retiograde 
pyelogram disclosed that the calices and the pelvis of 
each kidne} were normal 

Two weeks after admission the patient suddenly be- 
came dizzi, flaccid paralysis of the left side of his 
body de\ eloped and he died in coma twenty-four hours 
later Prior to death the blood pressure was 230 mm 
of mercuri svstolic and 110 mm diastolic 

Neciopsy (eight and a half hours after death) — The 
left kidnev weighed 80 Gm and measured 9 by 6 by 
2 cm Its upper third was irregularly atrophied to 
about one-half its normal size (fig 1) The external 



Fig 1 (case 1) — Photograph of the left kidney 
showing ischemic atrophy of its upper portion and a 
saccular aneurysm of the main branch of the renal 
arter} supplying this portion of the kidney The vessel 
and the aneurysm were opened Both are shown re- 
touched in the photograph 

surface was superficially and deeply scarred, and to it 
the capsule was densely adherent When the latter 
was stripped, the surface was in addition finely gianular 
The lower two thirds of the left kidney was normal 
in shape and size The capsule stripped easily, leaving 
a smooth, moist, glistening, reddish brown surface Cut 
surfaces showed in the upper portion a pale brown 
parench} ma with a marked reduction of both the cortex 
and the medulla and an obscuring of the demarcations 
between the two There was likewise no sharp line of 
delineation between the atrophic upper third of the kid- 
ne} and the relatively normal lower two thirds Cut 
surfaces of the lower portion of the left kidney revealed 
essentiall} normal cortex- and medulla with a sharp 
corticomedullary demarcation The left renal artery along 
u iti its aortic orifice and its branch to the lower poition 
ot the kidney were norma! The mam branch to the 
upper portion of the kidney, however, contained, 1 cm 


distal to its origin, a saccular aneurysm 1 5 cm in 
diameter Externally the latter was well circumscribed 
and was attached to the artery posteriorly by a pedicle 
measuring about 0 9 cm in diameter The wall of the 
aneurysm was fibrotic and was 0 2 to 0 3 cm thick 
The inner surface was smooth, and the lumen contained 
a recent soft reddish gray blood clot The ostium 
between the aneurysm and the renal artery was oval 
and measured 0 5 cm in its greatest diameter The 
inner surface of the aneurysm was uninterruptedly con- 
tinuous with that of the vessel The lumen of the 
latter at its junction with the ostium of the aneurysm 
was considerably narrowed, measuring 0 2 cm across 
That just distal to the aneurysm was so small that it 
was found only with difficulty It measured less than 
0 1 cm in diameter Beyond this constriction the renal 
vessel expanded again to an internal circumference of 
approximately 0 6 cm and pursued its normal course 
into the renal parenchyma 

The right kidney weighed 210 Gm and measured 
11 by 8 by 4 cm The capsule stripped easily, leaving 
a smooth, reddish brown surface Cut surfaces showed 
sharp corticomedullar} demarcations and no abnormali- 
ties The larger vessels were not prominent The entire 
extrarenal portion of the right renal artery, including 
its aortic orifice, was normal 

Along the attachment of the mesentery to the small 
intestine there were many shothhe, round, firm nodules 
measuring from 0 1 to 0 5 cm in diameter Sometimes 
the} were partly within the wall of the intestine but 
usuall} they were within the mesentery itself, and most 
of them were attached to the terminal ramifications of 
the mesenteric artery Cut surfaces varied from gra} 
to brown and were for the most part solid Except 
for scattered atherosclerotic plaques in the aorta and the 
coronar} arteries, there were no other grossly detect- 
able vascular abnormalities 

The heart weighed 400 Gm The left ventricle mea- 
sured 1 5 cm and the right 0 5 cm in thickness There 
was some thickening of the papillary muscles and tra- 
beculae of the left ventricle but no other abnormalit\ 
The lungs disclosed congestion, edema and areas of 
consolidation in their posterior portions 

The brain weighed 1,340 Gm The hemispheres were 
sjmmetric, but the gyri were flat and the sulci W'eie 
partially obliterated The vessels at the base of the 
brain W'ere tortuous and show-ed atheromatous plaques 
Ihe right frontal lobe just anterior to the head of the 
caudate nucleus contained a recent hemorrhage, 2 5 by 
4 cm in diameter, which had extended into and com- 
pletely filled the right ventricle and had pushed the 
ventricular system to the left The left lateral ventricle 
and the third ventricle also contained blood Through- 
out the midbram and the pons there w'ere small hemor- 
rhages, but nowhere were aneurysms seen 

Microscopic sections of many of the circumscribed 
mesenteric nodules that grossly appeared to be partly 
within the wall of the intestine revealed fibrosed 
aneurysmal dilatations of the terminal ramifications of 
the mesenteric artery They were located in the serosa 
or between the longitudinal and circular muscle layers 
and at the periphery often showed either longitudinal 
or cross sections of the vessels from which they sprang 
(fig 2 A) The portions of the arteries directly oppo- 
site the aneurysms were as a rule normal in all respects 
As the ostium of the aneurysm was approached, hov'- 
ever, there was increasing fibrosis of the adventitia, 
gradual disappearance of the external elastic lamina’ 
fibrous replacement of the media, gradual or sudden 
disappearance of the internal elastic lamina and a varied 
degree of proliferation of the subendothelial connective 
tissue of the mtima Sometimes this was so great as 
to obliterate the lumen of the ostium Beyond this the 
arter} was completely lost m a thick concentric mass 
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of dense fibrous tissue in which the coats of the \esscl 
were no longer recognized The lumens of the aneurysms 
were usually small, comprising less than one half of 
the entire external diameter They were either empty 
or filled with well preserved erythrocytes or recently 
clotted blood Throughout the areas of fibrosis there 
were deposits of golden brown pigment which took a 
positive stain for iron These deposits were particu- 
larly abundant m the adventitia, where they were both 
free and within phagocytes Occasionally the periphery 
also contained a few plasma cells and lymphocytes 
The upper branch of the left lenal artery' was cut 
into several blocks so as to include the junction of the 
artery with the aneurysm, the aneurysmal wall itself 
and the artery just distal to the aneury'sm The portion 
of the vessel directly opposite the aneurysm was essen- 
tially normal As the latter w r as approached, however, 
the following changes were noted increasing fibrosis 
of the adventitia, some attenuation of the external 
elastic lamina , increasing replacement of the media with 
fibrous tissue, in some areas preservation and in others 


In all sections, throughout the areas of fibrosis but par- 
ticularly prominent in the ad\entitia there \yere deposits 
of golden brow’ll pigment which gave a positne reaction 
for iron In these same areas there were \aried numbers 
of plasma cells, lymphocytes and phagocytes Calcifica- 
tion was not seen There was no recognizable old or 
iccent thrombus cither within the aneurysm or within 
the renal arten itself 

Microscopic sections of the ischemic portion of the 
left kidney show-cd a condensation of all the elements 
In the cortex there were a few' scattered wedge-shaped 
areas of complete fibrosis, where the glomeruli w r ere 
represented as round, completely hyalmized globules At 
the apexes of these triangular areas, which pointed to the 
medulla, there w'ere larger arteries that were partialh 
or completely occluded by extensne subintimal pro- 
liferation of fibrous tissue without Inahmzation In 
some of these vessels the media was also partially or 
complctch replaced with fibrous tissue In all of them 
the adientitia and surrounding connectne tissue showed 
marked fibrosis with a peripheral sprinkling of lyrnpho- 



Fig 2 — A (case 1), photomiciograph of a terminal mesenteric artery as it enters an aneurism, showing 
increasing adventitial and medial fibrosis, loss of the external elastic lamina, splitting and finally disappearance of 
the internal elastic lamina, marked subcndothelial proliferation of the ultima, and fluid and recently clotted blood in 
the lumen Elastic tissue stain, X 48 

B (case 1), photomicrograph of the aneurysm of the left renal artery at its junction with the \essel, showing 
fibrosis of the adventitia, some attenuation of the external elastic lamina, increasing replacement of the media with 
fibrous tissue, fibrillation and complete disappearance of the internal elastic lamina and seiere fibrosis of the intnna 
Elastic tissue stain, X 48 

C (case 2), photomicrograph of a section of a large artery in the lulus of the right kidne\, showing diffuse infil- 
tration with cells of inflammatory origin, granulation tissue replacement of the adventitia, almost complete destruc- 
tion of the internal elastic lamina, marked thickening of the mtima by early granulation tissue and a recent thrombus 
in the lumen Hematoxylin and eosin , X 72 


fibrillation, attenuation or complete disappearance of 
the internal elastic lamina, increasing proliferation of 
the subendothehal connective tissue of the intima 
(fig 2 B ) These changes became increasingly severe 
until the fibrosed adventitia was separated from the 
completely fibrosed and fused media and intima by 
varied amounts of the external elastic lamina This 
constituted the wall of the aneurysm itself The changes 
in the renal artery at its exit from the aneurysm were 
similar to those just described with the exception that 
the shape of the vessel w r as still maintained and that 
subendothehal proliferation of the intima with marked 
encroachment on the lumen was even more conspicuous 


evtes and plasma cells Throughout the rest of this 
portion of the kidney, w'here the tissue was only con- 
densed, the artenes showed little or no fibrosis and the 
arterioles showed no evidence of endarteritis obliterans 
The glomeruli w'ere normal The tubular epithelium 
show'ed some degeneration The interstitial connective 
tissue was condensed but not otherwise increased and 
showed no inflammation 

Histologic sections of the grossly normal portion of 
the left kidney and of the right kidney' w'ere similar 
There were only a few' scattered fibrosed glomeruli , 
the rest were entirely normal The tubular epithelium 
showed considerable degeneration, and the interstitial 
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connective tissue was not increased The larger and the 
smaller arteries were remarkably free of fibrosis 01 
arteriosclerosis Whereas some of the arterioles were 
normal, many showed marked endarteritis obliterans, in 
some instances to such a degree that the lumen was 
almost entirely obliterated 

Microscopic sections of the brain from the edge of the 
ventricular hemorrhage showed degeneration of the 
brain substance and scattered perivascular hemorrhages 
The cerebral arteries and arterioles about 1 cm from 
the area of destruction showed considerable intimal and 
adventitial fibrosis The periphery of the latter con- 
tained plasma cells, l>mphocytes, occasional polymor- 
phonuclear leukocytes and scattered deposits of golden 
brown pigment 

Sections of the rest of the organs together with poi- 
tions of the pectoralis major muscle and the diaphragm 
failed to disclose recent or old periarteritis nodosa or 
other contributory changes 

Case 2 — A Negro man 30 years old was admitted to 
the Jefferson Medical College Hospital with a historj of 
pains m the legs and the lumbar region of six days’ 
duration and generalized pain, weakness and anorexia of 
four days’ duration Physical examination disclosed 
injection of the phannx, enlargement of the cervical 
lymph nodes and extreme tenderness of the calf muscles 
The temperature was 100 F , the blood pressure was 180 
mm of mercury' svstolic and 130 mm diastolic , the blood 
count was normal except for a leukocyte count of 
16,000 cells per cubic millimeter, and the-Wassei mann 
and Kahn tests of the blood were negative 

During the next two weeks the pains persisted, the 
temperature varied from 100 to 102 F , and the blood 
pressure from 180 to 140 mm of mercury systolic and 
130 to 100 mm diastolic On the fifteenth day after 
admission the patient began to have localized pain, 
tenderness and muscle guarding in the right upper 
quadrant of the abdomen Four days later this pam 
became severe , the leukocytes numbered 26,000 per 
cubic millimeter, and the blood pressure was 110 mm 
of mercury systolic and 80 mm diastolic Within the 
next four days his condition rapidly deteriorated, and 
he died in shock twenty-three days after admission 

Ncciopsy — An extensive recent retroperitoneal 
hemorrhage on the right side extended from the upper 
pole of the right kidney to the pelvic brim This origi- 
nated in a tear of the parenchyma of the lower pole and 
lateral margin of the right kidney that measui ed 2 5 cm 
in length and 2 0 cm in depth The rupture was filled 
with recently coagulated blood, and the surfaces were 
irregular, dark red and partially necrotic In the 
depth of the defect there was a ruptured aneurysm, 1 5 
cm in diameter, which also contained recently clotted 
blood When the capsule and perirenal hemorrhage 
were stripped away, tire right kidney weighed 370 Gm 
and measured 15 by 8 by 6 cm The left kidney 
weighed 420 Gm and measured 16 by 8 by 5 cm Both 
capsules stripped easily, leaving smooth external sur- 
faces Cut surfaces of each kidney showed numerous 
raised, brown to deep red nodules measuring 01 to 10 
cm across They were scattered throughout the kid- 
neys but were particularly prominent at the hill, yvhere 
they were seen to be direct expansions of the mam 
branches of the renal arteries as they entered the renal 
substance The nodules were firm and on section dis- 
closed central areas of fluid and clotted blood The 
cortices and medullas were broad and the demarca- 
tions between them sharp The extrarenal portions of 
the renal arteries and their aortic orifices were grossly 
normal 

Similar deep red nodules, often seen to be grossly 
related to vascular ramifications, were encountered in 
the omentum, the mesentery, the intestines, the pan- 


creas, the gallbladder, the liver and the pericardium In 
the intestines they were found in the lower part of the 
ileum and in the colon and m all instances were intra- 
mural There was considerable enlargement of the 
abdominal lymph nodes The heart weighed 520 Gm , 
and the lungs showed congestion and edema Permission 
to examine the brain was not granted 

Microscopically the medium-sized and smaller arteries 
of the kidneys, intestines, mesentery, omentum, lymph 
nodes, gallbladder, liver, adrenal glands, pancreas and 
heart were affected with fulminating acute periarteritis 
nodosa The vessels of the lungs and the spleen were 
not involved In each kidney, in addition to sections 
made from the cortex, the smaller extrarenal branches 
of the renal arteries and their continuations into the 
lulus of the kidney were also examined and showed 
either patchy or complete involvement m the inflam- 
matory process (fig 2 C ) 

All the lesions were in the acute stage, showing no 
attempt at healing The adventitia and a varying por- 
tion of the immediately surrounding tissue were densely 
infiltrated by polymorphonuclear leukocytes, eosinophils, 
plasma cells and lyunphocytes In some of the arteries, 
wdiere the process was less severe, there were fewer 
inflammatory cells and increasing degrees of fibro- 
blastic proliferation The media was variously involved 
In some arteries only the outer or the inner portion or 
both showed fibrinoid necrosis In others the entire 
musculature was replaced with deep pink-staining 
fibrinoid material and contained inflammatory cells and 
nuclear fragments In those vessels in which only the 
outer portion of the media and the adventitia were 
invoked, the internal elastic lamina was often entirely 
normal When, however, the inner portion of the media 
and the intima were involved, the internal elastic lamina 
was either fibnllated or, in the more severely involved 
arteries, completely absent Usually the intima was 
necrotic and infiltrated by cells similar to those found 
in the adventitia, but occasionally there was consider- 
able fibroblastic proliferation of the subendothehal con- 
nective tissue The endothelium in the involved areas 
had disappeared The lumens of the vessels were empty 
or filled with necrotic material and clotted blood While 
many of the vessels still maintained their normal con- 
tours, some showed small and others large aneurysmal 
dilatations Often the aneurysms were so large that the 
wall was composed of a thin rim of inflammatory tissue 
in which vascular structures could no longer be recog- 
nized 

In addition to the vascular changes the kidneys showed 
varied degrees of infiltration of the interstitial connec- 
tive tissue with plasma cells, lymphocytes and eosino- 
phils These infiltrations appeared to follow the dis- 
tribution of the vessels Except for small focal areas 
of necrosis about some of the aneurysms the glomeruli 
and the tubules were normal Many of the affeient 
arterioles were also normal, but others showed advanced 
sclerosis with hyaline replacement of the intima Endai- 
teritis obliterans, however, was not found 

COMMENT 

In the fiist case the abdominal pam that oc- 
curred ten months before death was due to 
periarteritis nodosa of the left renal artery sup- 
plemented, perhaps, by similai involvement of 
the blanches of the supenor mesentenc arteiy 
It was undoubtedly further aggravated when the 
lumen of the renal artery was occluded to such 
a degree that the whole upper portion of the 
left kidney became ischemic That this ischemia 
was accompanied with tiue wedge-shaped infarcts 
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of the cortex is borne out by the aieas of cortical 
fibrosis obseived at necropsy Either the ische- 
mia or the infarcts could have been responsible 
foi the hematuria As hypertension did not 
develop until sometime aftei the episode of hema- 
turia, it was undoubtedly produced by the renal 
ischemia Death from cerebral hemorihage is 
one inevitable result of hypertension even in 
those cases in which the cerebral vessels aie not 
particularly weakened by a previous disease In 
this case the presence in some of the ceiebral 
arteries of intimal and adventitial fibrosis to- 
gether with penpheial plasma cells, lymphocytes, 
occasional polymorphonuclear leukocytes and de- 
posits of golden brown pigment is evidence that 
these vessels were involved in the same inflam- 
matory piocess as were the biiinches of the supe- 
nor mesenteric and left renal arteries Whether 
this was enough to weaken the wall, and so 
predispose to a rupture, 01 whether a small, 
undiscovered aneurysm was the source of the 
cerebral hemorrhage remains a inattei of con- 
jecture 

Pathologically, there is little doubt that the 
renal aneurysm m this case was on the basis of 
previous periarteritis nodosa Grossly this is 
supported by other evidence of periarteritis no- 
dosa in the form of numerous aneurysms of the 
branches of the superior mesenteric artery — a 
site of predilection for this disease Histologi- 
cally, too, sections of the renal vessel and aneu- 
rysm were similar to those of the mesenteric 
vessels and each corresponded to the healed stage 
of periarteritis nodosa described by Arkm 7 In 
each the involved portion of the vessel showed 
fibrous tissue replacement of the adventitia, the 
media and especially of the subendothehal con- 
nective tissue of the mtima, with marked or 
complete occlusion of the lumen The internal 
elastic lamina was partially or completely de- 
stroyed Scattered deposits of iron pigment, 
especially in the adventitia, spoke of old hemor- 
rhages, and the occasional presence of penpheral 
plasma cells and lymphocytes indicated the pass- 
ing phase of the granulation tissue stage 

That the second case was one of acute pen- 
arteritis nodosa needs no further elaboration or 
proof It differs from the formei in that the 
course was fulminating, the extrarenal poitions 
of the renal arteries were not affected, and there 
was no grossly demonstrable renal ischemia 
Many of the mam branches of both renal ai tenes 
within the hill of the kidneys, however, were 
affected by the process, resulting m the formation 
of scattered aneurysms Similar dilatations were 
found in the medullas and cortices In either 
or both of these locations the blood supply to 
the kidneys could have been impeded sufficiently 
to liberate a “toxic substance” responsible for 
the hypertension The absence of grossly visible 
atrophic changes m the kidneys does not m any 
way detract from such an explanation, for the 


arterial constriction may not have been of suf- 
ficient severity to produce such changes In 
dogs Goldblatt 8 has demonstrated that the kid- 
neys “may show but little change or maj undergo 
atrophy, depending upon the severity of the con- 
striction ” Then, too, the entire course of the 
illness may have been too fulminating for ati opine 
changes to develop The time element, how ever, 
plays no part in the development of hj pei tension, 
foi in dogs 8 and m a few' human patients, such 
as one described by Yuile, ld hypertension devel- 
oped immediately after the renal aiteiy -was 
occluded 

Finally, the leports on arteriolar changes m 
the ischemic and the nonischemic kidne\ are far 
from uniform In dogs 8 the arterioles m the 
kidneys show no changes w hereas those in other 
oi gans do In man, Blackman 111 and Richard- 
son 1,1 observed arteriosclerosis and ai teriolo- 
necrosis in both ischemic and nonischemic kid- 
nej s Leadbetter and Burldand 8 and Stew r art, lc 
on the other hand, reported an absence of arte- 
riolar changes in the affected kidney while 
Yuile ld described not only an absence of arte- 
riolosclerosis in the ischemic kidney but also 
marked sclerosis of the arterioles of the umn- 
volved kidney In our fiist case the ischemic 
portion of the left kidne) showed no aiteriolai 
changes while the nonischemic portion of the 
same kidney together with the right kidne) 
showed advanced endarteritis obliterans but no 
sclerosis In the second case, although most of 
the vessels showed no changes, adwnced scle- 
iosis u r as seen m a few scattered arterioles in 
both kidneys Endaitentis obliterans, however, 
w r as not seen In neither case as there ai teriolo- 
necrosis 

SUMMARY 

A review of recent literature discloses that cases 
of hypertension of renal origin may be divided 
into (1) those in which renal ischemia is pro- 
duced by diseases affecting primarily the renal 
arteries and (2) those m which the renal paren- 
chyma itself is primarily involved 

In a case of periarteritis nodosa of the renal 
arteries there was an old penartentic renal aneu- 
rysm which pioduced narrowung of the vasculai 
lumen, with renal ischemia, hypertension and 
death from cerebral hemorrhage following In 
a second case multiple acute penartentic aneu- 
lysms of the intrarenal branches of both lenal 
arteries produced hypertension, with death re- 
sulting from rupture of one of the aneurysms 

The sequence of events m the first case indi- 
cates that an aneurysm of an extrinsic portion 
of a renal artery can produce hypertension pro- 
vided the lumen of the vessel is occluded to a 
degree great enough to produce renal ischemia 

8 Goldblatt, H Experimental Hypertension In- 
duced by Renal Ischemia, in Harvey Lectures, 1937- 
1938, Baltimore, Williams & Wilkins Company, 1938, 
p 237 


7 Arkin, A Am J Path 6 401, 1930 



HISTOLOGIC DIAGNOSIS OF RABIES 

ERNESTO HERZOG, MD 

CONCEPCION, CHILE 


Among 75 subjects suspected of hawng rabies, 
(68 animals and 7 human beings) 52 were found 
actually to have the disease A comparative 
study was made of the different methods of 
morphologic diagnosis, such as the examination 
for Negri bodies m Ammon’s horn or the histo- 
logic examination of the ganglion nodosum of the 
iagus nene, the superior cervical sympathetic 
ganglion, or the mesencephalon and the medulla 


The method which 1 1 found independently and 
published in 1941 had been described m 1900 
by van Gehuchten and Nelis but had been com- 
pletely forgotten after the discovery of Negri 
bodies In almost 50 per cent of our 52 cases 
of rabies we could not find Negri bodies m Am- 
mon’s horn by Lentz’s method, although the 
simultaneous examination of the ganglion nodo- 



Fig 1 — Diffuse rabic ganglionitis m a dog Note two van Gehuchten nodules (residual nodules of Nageotte), 
with disappearance of the corresponding nerve cells, proliferation of capsular cells and inflammatory cell infiltration 
(neuronophagia) Nissl’s method with cresyl violet, X 180 

Fig 2 — Ganglion nodosum of a dog with rabies Note two nerve cells with chromatolysis marked by pallor and 
nuclear rests Nearbj is an inflammatory infiltration Nissl’s method with cresyl violet, X 310 


* 

The histologic examination of the ganglion 
nodosum always shows m cases of rabies charac- 
teristic degenerative alterations of the nerve cells, 
with or without inflammatory pericellular infil- 
trations, m focal or diffuse form, with marked 
neuronophagic proliferation of the capsular cells 
(satellites) — alterations that were constant in 
all of the 52 cases concerned here Even 
though they are not specific they are not found 
m this form in the other diseases that must be 
considered in the differential diagnosis of rabies 

From the Institute of Pathological Anatomy, Uni- 
% ersitj of Concepcion, Concepcion, Chile , director, Prof 
Dr Ernesto Herzog 

This is a summary of an article m Spanish to appear 
in Re vista sudamericana de morfologia 1945, vol 3 


sum in the same cases ahvays disclosed the 
alterations described m the foregoing paragraph 
The method consists of a rapid staining of 
frozen sections from different planes of the gan- 
glion nodosum of each side with cresyl violet, and 
it permits the making of a diagnosis m less than 
one hour after the arrival of a suspected animal 
at the laboratory If the bram is not destroyed 
or putrefied, a control examination of Ammon’s 
horn, embedded m paraffin and stained by 
Lentz’s method, a procedure which is more de- 
pendable than the taking of a smear, is added, 
but this delays the diagnosis eight to ten hours 

1 Herzog, E Bol Soc. de biol Concepcion, 15 101, 
1941 , Arch chilena morfol 4 299, 1942 
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A positive result of the examination of the gan- 
glion nodosum is conclusive even if the Negii 
bodies are absent 01 cannot be sought If the 
examination of the ganglion nodosum and that of 
Ammon’s horn give negative lesults, histologic 
examination of the mesencephalon and the 
medulla 111 frozen sections may be added if the 
bram is m good condition, the exammei looking 
foi the characteristic alteiations of labies en- 
cephalitis If the 1 esults of two 01 tin ee moi pho- 
logic tests are negative, it is not woith while to 
inoculate animals, as the bitten person may be 


considered fiee from labies and spared the dis- 
agieeable antnabic injections In doubtful cases 
inoculation of white mice may ahvajs be done, 
which gives a definite lesult m fifteen days 
The investigation of the ganglion nodosum has 
also the advantage that this structuie is easily 
accessible even m beheaded animals Further- 
ing e, it is more resistant to putiefaction In this 
way the examinations give a lesult in one or tw'o 
days, even m many instances in which the result 
of the examination foi Negn bodies is negatne 


Notes and News 


Books Received 


Appointments — At the school of medicine of the 
University of Pittsburgh Elwyn L Heller has been 
appointed assistant professor of patjiology and parasi- 
tology in the place of Andrew Wallhauscr, who has 
resigned Dr Heller is also pathologist to the Picsbv- 
terian Hospital of Pittsburgh 

Gilbert Dalldorf, director of laboi atones of Grasslands 
Hospital, Valhalla, N Y , has been appointed director 
of laboratories and research of the New York State 
Department of Health, succeeding A B Wadsworth, 
retired 

Bjarne Pearson associate profcssoi of pathology in 
Tulane University, New Orleans, has been appointed 
professor of pathology m the Unncrsitv of Vermont 

William 0 Russdl, formerly assistant professor of 
pathology in Washington University, St Louis, is now 
pathologist to the Santa Barbara Cottage Hospital, visit- 
ing pathologist to the Santa Barbara General Hospital 
and to the St Francis Hospital, Santa Barbara, and 
assistant professor of pathology m the Umvcisitv of 
Southern California, Los Angeles 

Resignation — Marcos Fcrnan-Nunez has resigned 
as professor and director of the department of pathology 
and bacteriology in the school of medicine of Maiquette 
University, Mihvaukee 

Unveiling of Portrait — The continuous service of 
Francis Carter Wood, director of the pathologic labora- 
tories and of radiotherapy, as a member of the staff of 
St Luke’s Hospital, New York, foi fifty years was 
marked by the unveiling on February 14 of lus poi trait 
painted at the dnection of the board of managers of 
the hospital 

Death — John C Grill, professor and director of the 
depaitment of pathology and bacteriology in the school 
of medicine of Marquette University since December 
1944, died on March 17 at the age of 52 years 


Microbioiogv and P vruororv B\ Charles F Carter, 
B S , M D , mstructoi in microbioiogv and pithologrv 
Parkland Hospital School of Nursing and director of 
Carters Clinical Laboratory, Dallas, Texas Third 
edition Pp 777 with 225 illustrations Price ^3 50 
St Louis C V Mosln Cotnpam, 1944 
Tur Mahiiilvxv Piiomrv ix* Tirr Cm of New' 
York Sociological Medical Psychological and Phar- 
macological Studies By the Mayors Committee on 
Marihuana Pp 220 Price S2 50 Lancaster, Pa 

Jaques Cattell Press, 1944 

A.pprovfd Lvboratorv Tichxk. Cnxicu Pvrno- 
iocicai, Bactirioi ogicai Mvcologicai Viroiogicvl, 
Parasitologic \i Sfroiocicai Biochtvicai axd His- 
toi ogicai John A Kohner, M S M D Dr P Ii 

Sc D , LL D , LHD, F A C P professor of medicine 
in the school of medicine and the school of dcntistn, 
leinplc University , director of the Research Institute 
of Cutaneous Medicine, Philadelphia and Tred Boerner, 
V M D , associate professor of clinical bacteriology 
Graduate School of Medicine, and assistant professor 
of bacteriology School of Medicine, University of Penn- 
sylvama, bactcnologist, Graduate Hospital of the Um- 
\ersity of Pennsylvania, Philadelphia Fourth edition 
Puce $10 Pp 1,017, with 346 illustrations New York 
and London D Appleton-Ccntury, 1945 
Tiie March or Midicine The New York Academv 
of Medicine Lectures to the Laity, 1944 Price SI 75 
Pp 121 New York Columbia University Press, 1945 
Labor \torv Maxual for Ei evfntarv Phvsiologv 
By Lalia V Walling assistant piofessor, and Kenneth 
Siler, formeily instructor Umveisitv of Kansas Fourth 
edition Price $1 50 Pp 187, illustrated St Louis 
The C V Mosby Company, 1945 
The Nationai Founpvtiox tor Ixfvxtiie Parv.lv- 
sis. Incorporated An mi at Rfport, 1944 Pp 52 
New York 

National Research Corns cii Organization and 
MrMBrRS, 1944-1945 Pp 88 Washington, D C 
National Research Council 1944 
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CHRONIC EXUDATIVE AND INDURATIVE PNEUMONIA DUE TO 

INHALATION OF SHELLAC 

EDWIN F HIRSCH, MD, avd HOMER B RUSSELL, MD 

CHICAGO 


Purified lac, one of the natural resins' known 
commercially as shellac, is a basic constituent of 
vanous lacquers and oil and spirit varnishes 
used m the industries as finishing substances 
Among the solvents for the lac are methyl alcohol, 
butyl alcohol, amyl acetate and turpentine Seri- 
ous effects from exposure to sprays of these 
solvents and the dissolved ingredients may follow 
inhalation into the lungs Both solute and solvent 
have importance When the solvent is simple, 
such as methyl alcohol, its significance as a 
noxious agent is small, but when it is an oil, 
such as turpentine or linseed oil, the importance 
of the solvent is greater because it contains mix- 
tures of fatty acid compounds, possibly changed 
b} hydrolysis or oxidation at the time of inhala- 
tion or later m the tissues of the lungs The fatty 
acids resulting from these chemical changes are 
known to have deleterious effects on animal tis- 
sues 

The composition of lac, a natural resin of 
insect origin, according to Bhattacharya, 1 de- 
pends on several factors, among them the brood 
of the scale insects, the plant seiving as host, 
the climatic conditions and the method of col- 
lection The purified product is not uniform m 
chemical composition Stick lac, the resinous in- 
crustation removed from the twigs, contains dead 
insect bodies, the lac dye and wax, and the true 
lesin constituents Most of the impurities except 
wax are removed in processing the shellac Ex- 
clusive of traces of free fatty acids and dye 
stuff, which are difficult to remove, purified and 
dewaxed lac resin consists of an ether-soluble 
and an ether-insoluble resin The latter is known 
as pure lac resin Some evidence favors the view 
that the component lesms of the original lac are 
bound together m a complex form or a weak 
chemical linkage This original relationship 

From the Henry Baird Fa\ill Laboratory of St 
Luke’s Hospital 

I Bhattacharja, R J Soc Chem Indust 54 82, 


when disturbed during purification is not re- 
stoied The pure lac resm constituting 70 per 
cent of the ordinary lac, consists of hydroxy 
acids of the aromatic and aliphatic series joined 
together by lactone and various internal ester 
linkings Alcohols have not been detected Only 
two of the constituent acids in pure lac resin 
have been isolated and identified, they are (1) 
aleuritic, a trihydroxypalnutic acid (melting 
point 100 to 101 C), 3 forming about 30 per 
cent, and (2) shellohc, which, according to Har- 
ries and Nagel, is a dibasic dihydroxyhydro- 
aromatic acid (melting point 200 to 201 C), 
comprising about 10 per cent The other 50 to 60 
£>er cent of the puie lac resm consists of unidenti- 
fied acids or, according to Haines and Nagel, 
hydroxy acids similar to shellohc Some un- 
saturated acid is present in lac, according to 
Bhattacharya, contained in the unidentified 50 to 
60 per cent Barnes s reported that the ether- 
soluble portion of the purified lac consists of 
polymers of aleuritic and shellohc acids of low 
molecular weights The analysis of shellac b) 
Gibson 4 records an acid value of 65 to 75, an 
ester value of 150 to 163, an iodine value of 18 to 
20 and a saponification number between 225 and 
231 Saponification numbeis of various fractions 
reported by Schaeffer, W einberger and Gardner 5 
ranged fiom 147 2 to 342 4 They concluded that 
most of the compounds of shellac are mteresters 
(including lactides) of the constituent poly- 
hydroxy acids These statements on the chemi- 
cal composition of purified lac disclose that the 
material is a mixture of fatty acids Some of 
these acids have been isolated and their struc- 
ture approximated, but others have not been 
identified 


2 Harries, G , and Nagel, W Chem Abstr 16 
3070, 1922 , 17 1007, 1923 

3 Barnes, C E Indust & Engm Chem 30 449, 
1938 

4 Gibson, A J Chem & Indust 62 346 1943 

5 Schaeffer, B B Weinberger, H, and Gardner, 
W H Indust & Engm Chem 30 451 1938 
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The leaction of tissues to lipids containing fatty 
acids has been desci ibed m many publications 0 
Among the conclusions recoided are several of 
significance Chaulmoogra oil 7 oi its mixed 
esters causes extensive destiuction and fibious 
induration of the lungs Tissue leactions 8 to 
oils introduced into the lungs aie i elated to the 
speed of hydrolysis and the amount of fiee acid 
libei ated m the tissues Animal oils produce 
neciosis, fibroplastic reactions and giant cells in 
tissues because of the rapid hydiolysis, and the 
scar tissue reaction caused by chaulmoogia oil 
is due to the high fatty acid content of that oil 
Products of cod livei oil becoming insoluble in 
ordinary fat solvents result fiom oxidation 
changes similar to those occuirmg m dr) mg oils 
The specific chronic granulation tissues produced 
in tissues involved in tubeiculosis are caused 
mainly by the lipids 9 contained in the tubercle 
bacilli Lipids containing oleic acid 10 cause 
maiked neciosis and fibroplastic reactions in tis- 
sues Gerstl and Tennant 11 obseived that fatty 
acids with nineteen to twenty caibons produced 
necrosis, but as the length of the carbon chain 
increased, the tissue response became a prohfera- 
tne leaction with formation of giant cells The 
necrotizing piopeity of a methyl gioup in various 
portions of the caibon chain diminished as the 
length of the carbon chain increased 

Some information concerning the chemical 
reactions occurring at the interphase of fatty 
acids and aqueous systems containing dissolved 
basic compounds Avas obtained fiom the experi- 
ments of Langmuir and Schaefer 12 and those of 
Hartsuch 13 Langmun and Schaefer found that 
fatty acids floating on the smface of solutions of 
calcium and barium salts Avere converted to cor- 
lesponding soaps, depending on the pn of the 
aqueous medium Hartsuch reported similar 
results with solutions of magnesium phosphate 
and observed an appreciable transfer of mag- 
nesium from the aqueous solution to the oleic 
acid when the p a of the water medium was 7 0 
An equivalent amount of hydrogen ions passed 
fiom the oil phase into the aqueous medium, 
tending to change the reaction to acidity The 

6 Hirsch, E F Arch Path 31 516, 1941 

7 Read, BE J Biol Chem 62 515, 1924 Engle- 
breth-Holm, J Klin Wchnschr 13 1605, 1934 
Frazier, C N , and Chen, F K Philippine J Sc 
42 269, 1930 

8 Pinkerton, H Arch Path 5 380, 1928 

9 Sabin, F R , Dean, C A , and Forkner, C E 
J Exper Med , 1930, supp 3, p 1 

10 Haggerty, C Arch Path 25 24, 1938 

11 Gerstl, B , and Tennant, R Yale J Biol & 
Med 15 347, 1942 

12 Langmuir, I , and Schaefer, V J J Am Chem 
Soc 58 284, 1936 

13 Hartsuch, P J Arch Path 25 17, 1938 


reaction between such fatty acid-aqueous sys- 
tems, of course, is toward an equilibrium, and 
wheie the fatty acid is in excess, the p n of the 
aqueous medium shifts toward maximum acidity, 
which foi oleic acid is appi oximately p n 5 7 
Other fatty acids m contact with aqtieoiis medi- 
ums piobably react m a similar way Avlien in ex- 
cess, producing in the aqueous medium an 
acidity probably appioachmg the hydiogen ion 
level of oleic acid Local acidit) developed in 
tissues b\ fatt) acids would seem significant in 
icgard to the necrosis of the tissues and the subse- 
quent inflammatory reaction Ea idence from 
many sources, according!) , supports the a lew 
that fatt) acids in human and other animal tissues 
cause neciosis and reactne changes ranging 
thiough cellulai exudation fibioplastic i espouse 
and giant cell loimation 

Tradesmen A\orking aaiUi spia)S of \ainish, 
lacquer and shellac ma) inhale finch dmded 
pai ticks of these finishing substances Little has 
been published on the harmful effects of lac sub- 
stances although tlicie aie reports of notations 
of e)e and nose among a\oi leers A\ith shellac 
spra)s and also of some craftsmen A\ho stopped 
AAorking because of the eft ects of the spia)s 

RFPORT or \ c \sr 

A white nmi aged 59 a cars entered St Luke’s Hos- 
pital, Chicago, Ma\ 13, 1942 m the care of Dr Paul 
Plolinger because of a chronic nonproductiAC cough, 
tiredness and weakness for se\cial a ears, increasing 
dj spnea for nine months and a loss in aa eight of 20 
pounds (9 Kg) tie OAAiied a furniture facton and 
had been exposed to A\ood dust and Aarnishcs for man a 
a ears Roentgen films of the chest taken six a ear-, 
before admission CAidenced diffuse density in the base 
of each lung Later he aa as treated for pneumonia 
PIis dyspnea continued and became Avorse Examination:, 
at the hospital demonstrated mspnaton rales m both 
lungs and slight enlargement of the heart His blood 
pressure aa as 150 mm of mercurj sAstohc and 90 mm 
diastolic \ fungous infection or a tumor of the lung 
AA'as considered possible The number of leukocAtes per 
cubic millimeter of blood ranged bet\ACcn 12,000 and 
15,000 The findings from other examinations of the 
blood AA’ere AA’itlun the normal range Nothing signifi- 
cant Avas disclosed by examinations of the sputum 
Roentgen films of the kidneys, the stomach, the boAAel 
and the bones had no unusual shadoAAS, but those of 
both lungs evidenced extensive infiltrations, especially 
of the right lung Bronchoscopic examination demon- 
strated a thick tracheal and bronchial mucosa and rigid 
bronchial Avails The electrocardiographic tracings in- 
dicated damage of the mvocardium Analj ses of the 
gases of the blood demonstrated interference Avith pul- 
monary aeration, and this aa as considered to be the 
cause of the dy spnea After tAA o Aveeks of discontinuous 
administration of oxygen, potassium iodide and maphar- 
sen therapy, the patient’s cough became much AAorse and 
productive The fever continued, the dyspnea became 
severe, and death occurred on the tAventy -second day 
after admission 

The essential portions of the anatomic diagnosis based 
on the postmortem examination (trunk and neck) are 
marked chronic indurative pneumonia of both lungs, 
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fibrinous pleuntis on the right side, fibrous pleuntis on 
the left side, hyperplasia of parabronchial, cervical and 
biliary lymph nodes, slight chronic fibroplastic myo- 
carditis, nephrosclerosis and cortical retention cysts of 
the kidneys, atherosclerosis of the aorta and of its main 
branches 

The markedly consolidated right lung weighed 1,210 
Gm , the similar left lung, 1,180 Gm There were no 
adhesions on the right side between the lung and the 
chest, but on the visceral pleura there was a thin laver 
of fibrin The lung tissues were extensively consoli- 
dated diffusely and also m nodules Surfaces made bv 
cutting had dilated air passages and consolidated paren- 
thvma These firmly consolidated lung tissues were 


connective tissues, to some extent replacing the alveolar 
walls or leaving them as septums of hyperemic capil- 
laries with a small amount of supporting stroma At 
other levels these fibroplastic tissues were continuous 
into regions with alveoli whose lumens contained small 
masses of fibrillar connective tissues or alveolar spaces 
filled with granular precipitates, polymorphonuclear 
leukocytes and variable numbers of mononuclear phago- 
cytes In many places the polymorphonuclear leukocytes 
were in excess, and the dilated and modified alveolar 
spaces and bronchioles contained dense collections ot 
these exudate cells The lining epithelium of some 
bronchioles had been changed into squamous epithelium 
The walls of the bronchioles were thickened by edema- 



1 Photograph illustrating the consolidation of the human lungs The pleural surface of the right lung 
had a thin fibrinous exudate 


gray and gray -red, with some portions of a faintly 
yellow cast and granular (fig 1) The pleura of the 
ett lung had scattered torn fibrous tissue adhesions 
The consolidation of the lung was like that of the right 
The heart v eighed 400 Gm , and in the my ocardium 
were small regions of gray fibrous tissue The viscera 
otherwise had slight or no noteworthy changes 
The histologic preparations of the lungs demonstrated 
extensive oganirmg pneumonia (fig 2) Large portions 
of the right lung were vascular and had moderatelv 
edematous fibrous tissue merging with the parenchyma, 
into whose alveolar spaces extended edematous fibrillar 


tous vascular fibrous tissues or fibrous tissues with 
exudates of lymphocytes and plasma cells Some alv eolar 
spaces contained mainly fibrin, others, red blood cells 
a moderate number of polymorphonuclear leukocvtes 
and a few mononuclear phagocytes The mdurativ e and 
inflammatory changes involved most of the lung paren- 
chyma A few alveolar spaces had hyperemic walls, 
lumens with granular precipitates and a few desquamated 
lining cells or mononuclear phagocytes 
The tissues from the left lung were similar Several 
of the large blood vessels contained dense masses of 
fibrin and red blood cells with leukocvtes like a thrombus 
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but without organization The leukocytic exudative 
inflammation was especially marked m this lung and 
afforded little clue as to the character of the inflam- 
matory agent excepting that m some of the aggregates 
of polymorphonuclear leukocytes and also m other tis- 
sues there were numerous small round vacuolated spaces 


no appreciable component of the tissue reactions Ihe 
large air passages had lumens with masses of poly- 
morphonuclear leukocytes and a small number of mono- 
nuclear phagocytes Lung tissues fixed m solution of 
formaldehyde, sectioned by the freezing method and 
stained with sudan III demonstrated in the exudates and 




Fig 2 — Photomicrograph illustrating the exudative and indurative pneumonia of the human lungs, X 198 
A, dilated alveoli filled with masses of polymorphonuclear leukocytes and fibrin Small vacuoles are faintly visible 
in the exudates B, alveoli with exudates and lung parenchyma with fibroplastic tissues C, lung parenchyma 
replaced by fibroplastic tissues with cellular exudates Some of the fibrillar tissues have small vacuoles D, ah eoli 
filled with edematous fibrillar connective tissue, and others markedly changed and with exudate cells 


where some liquid substance had been removed m the m some of the fibroplastic tissues clusters of lipid 

preparation of the sections These presumably were the globules and macrophages laden with lipoid material 

places which in sections stained with sudan III con- Forty-five grams of the lung tissues fixed in solution 
tamed quantities of lipoid material Giant cells were of formaldehyde were extracted with alcohol and ether 
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The extract yielded a viscous brown oily residue of 
approximately 2 Gm weight Titration with tenth- 
normal sodium hydroxide disclosed no free acid A 
saponification number of 178 was obtained after hydrol- 
ysis with alcoholic potassium hydroxide The oily 
residue dissolved in ethyl alcohol, ether, benzine and 
acetone It dried slowly to a viscous adherent mass 
without a surface film like a drying oil A sample of 
linseed oil was insoluble in ethyl alcohol but dissolved 
freely in ether, turpentine and benzine Accordingly, 
the material extracted from the lungs seems to be a lac 
substance in an oil solvent Alcohol and ether extrac- 
tion of other portions of the lungs yielded quantities of 
similar material 


sections and in a solution of formaldehyde for the 
preparation of sections stained with sudan III 
Emulsions of the commercial shellac material in 
twenty-four hours caused hyperemia and multiple hemor- 
rhages in the lungs After seven days the lungs had 
scattered tan-brown nodules composed of alveolar spaces 
filled with exudates of polymorphonuclear leukocytes, 
large vacuolated macrophages and foreign body giant 
cells The lumens and the walls of the bronchi showed 
similar exudates Preparations stained with sudan III 
demonstrated globules of lipoid material in the alveolar 
spaces and in the macrophages The inflammatory 
changes were more marked after nine days, and after 
forty-four days the regions of consolidated lung tissues 



Fig 3 Photomicrograph illustrating changes in the lungs of rabbits three months after intratracheal injec- 
tion of a 5 per cent emulsion in glycerin of, A, commercial shellac and, B, a laclike material recovered from the 
tissues of human lungs, X 198 


A 5 per cent solution of the viscid residue in 95 per 
cent ethjl alcohol was emulsified in nine parts of 
ghcerol A similar emulsion was prepared with the 
wscid brown residue obtained by evaporation of the 
methjl alcohol solvent of a commercial shellac varnish 
Quantities of these emulsions ranging from 0 5 to 2 cc 
were injected intratracheally into the lungs of rabbits 
The lungs of these animals were examined for tissue 
changes at intervals between one and ninety days After 
gross examination the lung tissues were fixed m Zenker’s 
solution for the preparation of hematoxylin-eosin stained 


had foci of necrosis, leukocvtic exudate cells, fibroplastic 
tissues, macrophages with lipoid material and foreign 
body giant cells (fig 3 A) 

The tissue reactions m the lungs of rabbits receiving 
intratracheal injections of the emulsified viscid laclike 
material recovered from human lungs were much more 
marked After seven and eight days there was marked 
hyperemia of the bronchi, and the lungs had many 
large firm tan-brown nodules The histologic prepara- 
tions demonstrated marked necrosis of the lung tissues 
The alveolar spaces contained exudates of polymorpho- 
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nuclear leukocytes, fibrin, mam epithelioid cells, giant 
cells and large racuolated macrophages Sections stained 
with sudan III showed scattered deposits of lipoid ma- 
terial among the exudate cells and had maciophagcs 
filled with lipoid particles The lungs of 1 rabbit aftei 
three intratracheal injections at inter\als of one week 
had similar but more extensne changes, and the lungs 
of another rabbit three months after a single injection 
had many nodules in which the alveolar spaces contained 
fibroplastic tissues with epithelioid cells, large \acuo- 
lated macrophages and a few foreign bodj giant cells 
(fig 3D) The lungs of a rabbit se\en da\s aftei an 
intratracheal injection ot 1 cc of ghcerol bad no 
changes 

COMMENT 

Bilateral chiomc exudative and induratne 
pneumonia de\ eloped insidiously in the lungs of 
a man engaged in a fuinituie-mam.lactuiing 
business The diffuse exudatne and induratne 
consolidation ot the lungs with onh minimal 
deposits of fibnn on the \isceral pleuia lescm- 
bled giossl), oi at least suggested a lesemblance 
to, the lung changes with massne aspnation ot 
liquid petrolatum Alcohol and ethei e\ti action 
of these lung tissues demonstiated the piesenee 
in large quantities ot a viscous material whose 
geneial solubihtj and simple chemical and plns- 
lcal propei ties appioxnnated those of a wood- 
finishing substance like shellac dissoh ed in some 
oil medium Piesumabh this mateuul enteied 
the lungs bj inhalation of small particles dis- 
persed by piessure in spia\s The pai tides of 
material gradualh accumulated in the teimmal 
bronchioles and aheolai spaces of the lungs, and 
the irritant propei ties ot the material caused the 
chronic exudatne and fibroplastic inflammation 
This causal relation was tested expenmentalh 
by injecting emulsions of the shellac-like matenal 
recovered from the human lungs into the ti acheas 
of rabbits The lungs of these animals examined 
later revealed extensive exudative and filuo- 
plastic inflammation 

Chronic inflammation of the lungs caused by 
lac substance and ceitain oil sohents is anothei 
form of a pulmonary disorder commonly desig- 
nated as lipoid pneumonia The changes in the 
lungs demonstrated by nucioscopic examination 
of the tissues differed from those with liquid 
petrolatum in that there was a much greatei 
exudation of pol} moiphonuclear leukocytes and 
an abundant fibioplastic tissue i espouse in the 


alveolai spaces and bionchioles, without the pres- 
ence of man) laige mononuclear hpophages In 
these lespects the reactions were moie like those 
reported in tissues with chauhnoogra oil The 
tissue reaction observed in the human lungs and 
those obseived expenmentally in the lungs of 
labbits following the intratiacheal injection of 
the exti acted laclike material were due probably 
to the fatty acid composition of this matenal Al- 
though the composition of the pure lac resin 
has not been established and probabh varies con- 
sideiabh in different pieparations, at least tw r o 
constituent fatty acids hate been isolated (1) 
aleurilic, a trilndioxvpalmitic acid comprising 
about 30 per cent and ( 2 ) shellohc acid believed 
1>\ some to lie a dibasic dilndroxilndroaromatic 
aud comprising about 10 per cent 1 he remain- 
ing 50 to 60 pei cent ol the lesin consists of fatty 
acids unidentified oi lcgarded as hjdrox} acids 
similai to shellohc The piesenee of fattc acids 
m tissues is known to cause necrosis and marked 
exudatne and fibioplastic tissue reactions Some 
ot these tissue changes seem i elated to the acidit} 
de\ eloped b\ the migiation of lndiogen ions into 
the aqueous tissue medium in exchange foi base 
ions entenng the oil at the watei-oil interphase 

’ SLVMARN 

Chiomc piogiessne inclination dec eloped in 
the lungs of a man engaged m manufacturing 
fuimtuie The postmortem examination demon- 
strated chiomc diffuse exudatne and mduiative 
pneumonia m both lungs The character of the 
consolidated tissues in the lungs and the small 
deposits of fibrin on the visceral pleura suggested 
giossh the possibility of some form of lipoid 
pneumonia Etlnl alcohol and ether extraction 
of the lungs yielded laige amounts of a viscid 
matenal like shellac dissolved in an oil medium 
This matenal injected into the tracheas of rabbits 
caused neciosis and marked exudative and fibro- 
plastic inflammation of the lungs The exudative 
and fibioplastic tissue response approximates the 
changes lepoited in tissues with oils like chaul- 
moogia Lac substances have a high content of 
ceitain fatty acids Fatty acids of this character 
aie known to cause neciosis and marked exu- 
dative and prohfeiative tissue reactions 
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The three cases of diffuse meningioma to be 
discussed m this paper are being repoited because 
cases of this type of meningioma are rare and 
because they furnish additional evidence of the 
fibroblastic nature of meningioma whether of 
the diffuse or of the nodular form 

Instances of meningioma are usually classified 
separately with respect to the form of the gi owth, 
nodular or diffuse The nodular form is rela- 
tively common and stereotyped in appearance 
It is usually single, compact, spheroidal causing 
a castlike depression in the soft tissues adjoining 
it m the brain or the cord Occasionally, multi- 
ple growths occur, but even they are sepaiated 
and sharply demarcated from each other Micro- 
scopically, nodular meningioma has a charac- 
teristic appearance which vanes within a com- 
paratively nairow range It is made up of coaise 
spindle cells, lesembling epithelial cells, occur- 
ring m tight whorls or in looser alveoli as the 
case may be The whorls maj contain deposits 
of collagen about the centrally placed r^essels 
and often contain corpora amylacea or psam- 
moma bodies Prior to Mallory’s 1 work, nodular 
meningioma was usually diagnosed as “dural 
endothelioma,” although many other designa- 
tions had been applied, 2 including “cylindroma,” 
“psammoma,” “epithelial meningeal cancer” and 
“dural epithelioma ” It was usually not con- 
sidered to be of the same derivation as diffuse 
meningioma 

Diffuse meningioma is rare and vanes widely 
m structure There is little in its appearance 
either grossly or microscopically to identify it 
with the local tumor It has been variously 
interpreted as a specific memngioblastic struc- 
ture, a fibroblastic tumor, lipoma, angioma and 
sarcoma When pigmented it has been reported 

From the William H Singer Memorial Research 
Laboratory of the Allegheny General Hospital 

1 Mallorj , F B J M Research 41 349, 1920 

2 (a) Cushing, H, and Eisenhardt, L Meningio- 

mas, Springfied, 111, Charles C Thomas, Publisher, 
1938, chap 1, p 506 ( b ) Globus, J H Arch Neurol 

Ps>chiat 38 667, 1937 


as melanoma, and after having undeigone bony 
metaplasia it has been called osteoma 

The name “duial endothelioma” was used 
because the tumor was supposed to arise from 
the endothelial lining of the subdural space 
Mallory 1 demonstrated fibrogha and collagen 
fibers m a specimen fixed in Zenker’s fluid within 
five minutes after its removal He restudied the 
embi)onic development of the meninges and con- 
cluded that the layer of mesenchymal cells which 
goes to form the duia sepaiates from the arach- 
noid to form the subdural space and that the 
subdural space is therefore lined on both sides 
by a special type of fibroblast and not by endo- 
thelium He traced the development of the 
whorled tumoi to endothelium-like proliferations 
of the arachnoid villi and identified the cells that 
composed the whorls as fibroblasts from their 
ability to form fibrogha fibrils, collagen and in 
some instances elastic tissue He suggested the 
name “arachnoid fibroblastoma” for the tumor 
Penfield 3 agreed with Malloiy’s interpreta- 
tion of dural endothelioma and asserted that the 
fibrils m this tumor are not neuroglial but are 
a particular form of collagen He changed the 
name to “meningeal fibroblastoma ” Penfield 
stated that he was able to stain fibrogha fibrils 
with moie or less difficulty m a series of menin- 
geal tumors which he had studied 

Globus 2b took exception to Mallory’s identi- 
fication of the tumor b} means of fibrils He 
reviewed the development of the meninges m 
fish and fowls and developed an elaborate classi- 
fication for all meningeal tumors on a “philo- 
genetic and ontogenetic” basis He studied 103 
tumors onginatmg m the meninges and concluded 
that the variation in the tumors was so great that 
no single type cell could be responsible Fie 
quoted the studies on the formation of the menin- 
ges by Hallerstein, Sterzi and Gelderen to sup- 
port his own views and applied them to the 
explanation of the diffuse memngiomatous 
growth He pointed out that remnants of 

3 Penfield, W Surg, Gvnec 6L Obst 45 178) 1927 
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undifferentiated meninges often persist beyond 
embryonic life and that these mesenchymal re- 
mains are often found in other pathologic con- 
ditions, such as hydrocephalus 

W einberger 4 collected all of the instances of 
the diffuse type of meningeal tumor that he was 
able to find and repoited a very unusual case 
of his own In Wienbeigei’s case, in which the 
patient was an 8 year old girl, the greater 
part of the surface of the frontal lobe was cov- 
ered with a thin pinkish layer of tumor resem- 
bling the “icing on a cake ” The dura was free 
fiom the tumor The patient made a partial 
recovery after removal of the neoplasm and 
returned to school In his discussion, Wein- 
berger considered that the diffuse tumor repre- 
sents a zonal rest of endomeninx and may fotm 
pia-ai achnoid or pia alone He postulated that 
the tumoi is limited in extent to the original 
malformation because he failed to find evidence 
of eccentric growth, permeation through the 
meningeal layers or implantation by seeding 
He expressed the belief that the tumor belongs 
with meningioma hut preferred the term “memn- 
giomatosis ” Weinberger accepted the view of 
Globus that there is no parent cell theory which 
is acceptable for the origin of meningioma and 
that it is best accounted for on an embryologic 
basis Othei cases cited by Weinberger included 
those of Harbitz, 5 6 Arlt,° Bailey, 7 Bailev and 
Bucy, 8 9 Lichtenstein and Ettelson, 3 Casper 10 and 
Conner and Cushing 11 * Of this group the case 
of Arlt 0 was similar to our first case A diffuse 
meningioma encased the spinal cord In Har- 
bitz’ 5 case several large yellowish incrustations 
filled the sulci The largest was in the region 
of the sylvian fissuie and spread out ovei the 
temporal and parietal lobes and the island of 
Red The tumor was composed of loose spindle 
cells, and the network stained positively foi 
collagen Bailey’s case 7 was reported as one 
of primary diffuse sarcomatosis in a 3 year old 
child The neoplasm was located in the region 
of the cerebellum and the brain stem In the 
case of Bailey and Bucy 8 the diffuse meningioma 

4 Weinberger, L M Am J Cancer 38 1, 1940 

5 Harbitz, H Acta path et microbiol Scandinav 
12 24, 1935 , cited by Weinberger 4 

6 Arlt, H Ztschr f d ges Neurol u Psvchiat 
156 713, 1936, cited bj Weinberger 4 

7 Bailey, P Arch Surg 18 1359, 1929 

8 Bailey, P , and Buev, P C Am J Cancer 15 15, 
1937 

9 Lichtenstein, B W , and Ettelson, A Arch Path 
24 497, 1937 

10 Casper, J Deutsche Ztschr f Nervenh 96 85, 
1927, cited by Weinberger 4 

11 Conner, C L , and Cushing, H Arch Path 3 

374, 1927 


occurred in a 45 year old woman and covered 
the leptomemnges “practically everywhere,” fill- 
ing the sulci and following the vessels for a 
shoit distance into the cortex Lichtenstein and 
Ettelson 0 reported a case in which the lepto- 
memnges of an infant were thick and white with 
nodules the size of a pinhead along the vessels 
Caspei 10 reported 2 cases In one there were 
several nodular masses o\er the occipital lobes 
and at the base of the brain , in the other a sellar 
meningioma was observed, with thickening of 
the arachnoid over the entire bram In the case 
of Connei and Cuslung 11 there were diffuse 
meningeal tumors which were not visible in the 
gross inspection Microscopically the condition 
was true sarcomatosis (endothcliomatosis) , the 
origin w r as multiple and affected the adventitial 
sheaths of the cortical vessels It w T as located 
in the region of the flocculus Browm and 
Kemohan 1J reported a case in which the tumor 
was located similarly to that in our first case 
It formed a sheath surrounding the spinal cord 
from the first thoracic vertebra to the conus 
medullans and encased the cauda equina The} 
called the condition memngiomatosis rather than 
meningioma Cases of pigmented meningioma 
have been recorded by Raj and Foot 13 and 
Brow'll, 11 and the origin of the pigmented tumor 
has been discussed by Taft 15 A hpoblastic form 
has been reported by Haverfield and Walker 13 
Russell and Sachs 17 collected 4 cases of menin- 
geal sarcoma that metastasized to distant organs 
and added 4 cases of saicoma, in 3 of which 
there w r as distant metastasis Turner and Craig 18 
reported a case of osteogenic sarcoma of menin- 
geal origin They explained the preserved bone 
as an example of heteroplasia Turner, Craig 
and Kernoban 10 analyzed 370 cases of intra- 
cranial meningeal tumor and considered the 
tumor to be malignant in 10 per cent of them 
They used the term “malignant meningioma” 
in pieference to “meningeal sarcoma” because 
the latter name indicates a specific tumor until 
an essential origin 

12 Brown, At H , and Kemohan, J W Arch Path 
32 651, 1941 

13 Raj, B S, and Foot, N C Arch Neurol & 
Psychiat 44 144, 1940 

14 Brown, H Arch Neurol 6t Psjclnat 47 271, 
1942 

15 Taft, A E Arch Path 30 1073, 1940 

16 Haverfield, W T, and Walker, A E Arch 
Surg 42 371, 1941 

17 Russell, W O , and Sachs, E Arch Path 34 
241, 1942 

18 Turner, O A , and Craig, W At Arch Path 
32 103, 1941 

19 Turner, O A , Craig, W At , and Kernoban, 

J W Surgery 11 81, 1942 
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REFORT OF CASES 

The first 2 of our cases have been men- 
tioned previously 20 but have not been described 
m detail The third case 21 was erroneously 
reported from this laboratory in 1926 as one 
of secondary ghomatosis of the meninges accom- 
panying a large ghosarcoma of the biain A 
recent restudy shows definitely that the menin- 
geal tumor is a separate and distinct growth 
which contains nodular areas presenting a struc- 
ture characteristic of the local whorled menin- 
gioma and diffuse areas of the fibroblastic type 
u Inch merge gradually into each other 

Case 1 — The patient was a white man aged 57 His 
occupation was that of a railroad signalman, at which 
job he worked until three days before his admission 
to the hospital The mother died of carcinoma of 
the bladder , the father, of Bright’s disease The patient 
had had typhoid fever and gonorrhea and had lost an 
eye in the first world war 

He first consulted his physician twenty-two days 
before his death on account of numbness in the two 
small toes of each foot and pain between the shoulders 
The sensation of numbness began in the toes and ex- 
tended upward to the buttocks and sometimes to the 
waistline For four days intermittent pains had been 
radiating to the occipital region, and these were fol- 
lowed by nausea and vomiting The vomiting was 
projectile and relieved the pain Sleep was disturbed 
by headache The patient felt weak and had lost 10 
pounds (4 5 Kg ) Six years before, he had been 
given a spinal adjustment for pain m the left hip He 
attributed the pain in his shoulder to the severity of 
the manipulation 

He was fairly well developed and nourished There 
were no noteworthy changes on physical examination 
except missed heart beats, varying from three to five 
per minute The blood pressure was 130 systolic and 
80 diastolic 

The Romberg test was questionably positive, with 
swaying to the right There were tremors of the 
fingers and lips Ataxic movements were not per- 
ceptible The right optic disk was slightly blurred, 
wuth no elevation The retinal vessels were not dilated 
The left eye w r as artificial The cranial nerves other- 
wise w'ere undisturbed The deep reflexes m the right 
arm and the right leg were slightly increased, with 
clonic movements of the right ankle jerk The ab- 
dominal and cremasteric reflexes were absent The 
plantar response was normal Sensations of touch and 
pain were diminished m the saddle area of the left 
foot and the outer part of the right foot Fibrillations 
w'ere apparent about the deltoid muscles There was 
slight atrophy m the legs 

The blood showed 5,050,000 red cells and 9,350 white 
cells, with neutrophils 75 per cent and lymphocytes 25 
per cent The hemoglobin was 94 per cent The blood 
smear disclosed no abnormalities The urine revealed 
a faint trace of albumin with hyaline casts Bence 
Jones protein was not found Chemically the blood 
w'as practically normal The Wassermann and Kahn 
tests of the blood were negative Lumbar puncture 
revealed clear yellowish fluid on four different occa- 


20 Haythorn, S R , Shapera, W , and Stew'art, 
H C Am J Path 18 739, 1942 

21 Brannon, D Am J Path 2 123, 1926 


sions with pressure varying from 300 to 800 mm of 
spinal fluid pressure The cell count varied between 
6 and 10 white cells per cubic millimeter The total 
protein varied between 670 and 1,700 mg per hundred 
cubic centimeters The Wassermann test of the spinal 
fluid was negative The colloidal gold curve was 
0000000000 On roentgen examination the skull pre- 
sented no abnormality There was a slight narrowing 
of the anterior part of the body of the seventh dorsal 
vertebra with some irregularity of its anterior surface 
There was a slight degree of hypertrophic lipping of 
the articular edges of the fourth lumbar vertebra 
Electrocardiographic tracings disclosed numerous ectopic 
ventricular contractions and was interpreted as sinus 
arrhythmia 

During his stay in the hospital the patient became 
progressively weaker and revealed many bizarre neuro- 
logic symptoms For several days there was marked 
diminution of pam sensation up to the fifth dorsal der- 
matome anteriorly and the third dorsal dermatome pos- 
teriorly Several days after admission he was unable 
to void and required catheterization Gradually move- 
ments of the legs became difficult, following which the 
deep reflexes decreased and finally were absent 

Twelve days after admission he had a period of 
amnesia, followed by confusion The neck became 
stiff, and there was flaccid paralysis of both legs 
Slight weakness of the lower left side of the face was 
present, the tongue deviated to the left Sensory dis- 
crimination of pam revealed a level at the first dorsal 
segment of the cord at this time, and the following 
day a level at the tenth dorsal segment was noted 
There was also diminution of the sense of heat in the 
left arm, the left leg and the left side of the face 
Position and vibratory sensations were lost m the feet 
On this day lumbar puncture revealed a clear yellow 
fluid with a pressure of 800 mm At times pam sen- 
sation was felt at the first lumbar segment 

The temperature ranged between 97 8 F and 98 4 F 
for twelve dajs, occasionally rising m the next five 
days to 100 F The last two days it rose to 105 F 
The respirations were 20, occasionally increasing to 
22 until the eighteenth day after admission, when they 
rose to 40 per minute The pulse was slow, varying 
between 44 and 62 until a few days before death, when 
it became quite rapid He died on the nineteenth day 
after admission 

The clinical diagnoses considered were (1) diffuse 
cerebrospinal neuropathy, (2) tumor of the spinal cord, 
(3) injury of the spinal cord and (4) encephalomyelitis 
of virus origin 

Autopsy — The gross changes outside the brain and 
the cord were unimportant The brain weighed 1,375 
Gm The dura appeared normal The pia was con- 
gested The brain was soft, moist and without hem- 
orrhage or evidence of embolism or infarction After 
fixation, the pia and the arachnoid appeared thickened 
and grayish yellow over the pons and the medulla, 
with extensions of this change to the under surface of 
the cerebellum The grayish membrane followed the 
meningeal folds into the fourth ventricle and spread 
over the choroid plexus, where it almost completely 
filled the space On cross sections the tumor was 
observed to surround the infundibulum of the pituitary 
gland and to form a thin coat about the epiphysis 
It did not appear m either of the lateral ventricles 
As it reached the pons it spread out in a thin layer 
which converged to include the medulla and the cord 
which it completely surrounded Below the medulla 
it consisted of a membrane of variable thickness which 
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encased the cord throughout its lengtli and covered it 
continuously like a stocking In the region of the 
cauda it divided into fibrillary branches and followed 
the sheaths of the nerves The amount of distortion 
and compression of the cord at any level varied with 
the thickness of the tumor 

Mici oscopic Dcsmption — The extent of the tumor 
was confirmed microscopically A section taken -from 
the region of the infundibulum marked the superior 
point at which tumor tissue was found Another sec- 
tion, which included the medulla, adjoining portions of 
the cerebellum of each side and the choroid plexus ot 
the fourth ventricle showed extensive neoplastic involve- 
ment The meninges about the medulla were grcatl} 
thickened and replaced with tumor cells The connec- 
tive tissue of the velum mterpositum was infiltrated 
with tumor cells, which grew in all directions and 
invaded the strands of that membrane Tumor tissue 
, displaced and compressed the choroid plexus and the 
connective tissue supporting its vascular poitions 

The cervical cotd was grcatl} distorted by a growth 
of the meninges which complete!} surrounded it and 
extended along the sheaths of the spinal neives at 
their roots 

The tumoi was made up of diffusely spread small 
spindle and round cells which had little cvtoplasm 
Main of the nuclei were pvknotic, although actual 
mitotic figures vveic comparativ elj rare The tumoi 
cells were generally arranged in nests or alveoli sepa- 
rated bj a network of small vessels with lumens about 
the size of capillaries and walls that were thickened 
and hyalmized The cells were arranged on a fine 
reticulum The separating trabeculae were made up 
of collagen and there were bands of collagen about 
vessels While the tumor in general replaced the 
arachnoid layer, there were areas in which it was 
separated from the white columns by the collagenous 
pia In other places the pia was raised from the cord 
and had a layer of tumor beneath it In still otliei 
places the pia-arachnoid was cntirclv replaced bj tumor, 
so that the lavers were not discernible 

Not onlv was the spinal cord compressed and dis- 
torted by the tumor but there were places in which 
the tumor actuallv extended into the gray matter and 
separated the medullary sheaths The median raphe 
of the cord was completely mfiltiated by it There 
were degenerated areas in the lateral columns m which 
the myelin had disappeared and the neuraxons were 
swollen to several times their ordinary diameters The 
ganglion cells appeared degenerated, and many of them 
were without nuclei 

Sections from various levels of the cord showed 
considerable variation in the thickness of the tumor 
enveloping the cord In parts of the thoracic region 
the tumor was thicker than the cord itself 

Numerous stains were applied to demonstrate fibroglia 
fibrils, collagen, reticulum, myelin and fat There were 
no fat cells in the growth Myelin was not present 
except about the nerve trunks which passed through 
the growth The tumor produced fibroglia, collagen 
and a fine argentophil reticulum which proved its 
fibroblastic derivation Since it grew rapidly and 
invaded other tissues, it was considered sarcomatous 

The anterior lobe of the pituitary gland was com- 
pressed and smaller than usual A part of the pos- 
terior lobe was invaded by direct extension of the 
tumor growth 

The pathologic diagnosis was rapidly growing dif- 
fuse meningeal fibroblastoma or meningeal sarcoma 


C\si 2 — The patient was a white man aged 31, 
married, a lithographer He was a moderate user of 
tobacco, alcoholic hciuors and coffee His chief com- 
plaint was headache, which began two weeks before 
admission, at the time a cold was contracted, and per- 
sisted until death ©n the morning of admission he 
awoke with severe frontal headache, which later spread 
toward the occiput 

He was a well developed, well nourished man, l}ing 
m bed m a sennstuporous condition He was able to 
answer questions but raised Ins eyelids with difficult} 
T he general physical examination gav e negativ e results 
The blood pressure was 126 sjstohc and 70 diastolic 

There was no nuclnl rigiditv There were question- 
able Kermg signs bilaterallv The deep reflexes were 
cquallv present The abdominal reflexes were decreased 
on the right side, and the Bahinski reflex was equivocal 
bilaterallv Ophthalmoscopic examination revealed pale 
and somewhat blurred disks The cranial nerves were 
otherwise undisturbed Sensations were intact There 
was no motor weakness 

T he patient’s headache increased and he became 
drovvsv He vomited brown fluid Spinal puncture 
showed a fluid pressure of 150 mm All specimens were 
tinged with blood The following dav the blood pres- 
sure increased to 134 svstohe and 80 diastolic The 
pulse was 56 The patient became delirious, and ptosis 
of the left upper cvelid and twitching of the left arm 
developed The optic disks became elevated The gen- 
eral condition became graduallv worse and death occur- 
red three and a half hours alter the development of the 
twitching of the arm 

The clinical diagnosis was spontaneous subarachnoid 
hemorrhage 

Autopsy — I he brain weighed 1,400 Gm The men- 
inges were much congested As the frontal lobes were 
lifted from the floor of the skull, a huge mass of clotted 
blood, which weighed 150 Gm, was found beneath the 
left frontal lobe The clot was adherent to the dura 
over the supraorbital plate and was stripped from the 
under surface of the left frontal lobe with little difficult} 
The under surface m the region of the second and third 
inferior gyn was softened to a mush} consistency and 
the convolutions were compressed The floor of the 
anterior horn of the left lateral ventricle was ven thm 
and at one point measured 0 5 cm in thickness After 
the brain was hardened, a zone of encephalomalacia 
was found which involved the inferior frontal g}rus At 
the apex of the softened area was a small vessel filled 
with clot The bram tissue about it contained small 
hemorrhages and presented a hone} comb appearance 
This zone was in close relation to the clot which filled 
the arachnoid space Cross sections were made at cen- 
timeter intervals and the softened area found to extend 
backward to a point just beneath the floor of the lateral 
ventricle The clot contained whitish strands, but 
tumor was not suspected m the gross examination 

Mic> oscopic Dcsaipttou — Sections were taken from 
the dura and the arachnoid over the supraorbital space, 
beneath the hemorrhage described in the gross specimen 
The arachnoid was thrown into numerous folds, attached 
to which was a rapidly growing malignant tumor 
Parts of the tumor had undergone necrosis and were 
infused with blood from the hemorrhagic zones In 
the perivascular zones the tumoi was ver} cellular and 
was made up of round, oval and spindle-shaped cells 
with large vacuolated nuclei and prominent nucleoli In 
places the cell polarit} was lost Many cells wxre 
pyknotic, and many of them showed mitotic figures 
Special stains were made of this section The phospho- 
tungstic acid-hematoxylin stain failed to show the 
presence of fibroglia or neuroglia fibrils, possiblv because 
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the mass was fixed in a solution of formaldehyde 
Masson’s stain showed that portions of the growth were 
permeated by strands of collagen which appeared to be 
continuous with the collagen about the vessels and dura 
Silver stains showed fine reticulum permeating the 
entire tumor 

Some of the sections taken from what appeared to be 
clot m the gross specimen showed that it was made up 
of both tumor cells and blood clot The cells in these 
sections were multinucleated and showed many mitotic 


from the brain showed thrombosed vessels with a wedge- 
shaped hemorrhage involving the white matter beneath 
the meninges The pia-arachnoid appeared to be broken 
at one point Two large sections showed the presence of 
thrombi in the cerebral vessels with diffuse bleeding into 
the meninges and into the adjoining brain tissue In 
the neighborhood of the hemorrhagic areas the brain 
showed zones of recent encephalomalacia One of the 
veins m the meninges immediately beneath the softened 
area showed active phlebitis with permeation of its wall 
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Fig 1 (case 1) —Meningeal sarcoma of the spinal cord, X 90 At the extreme left some of the white matter 
of the lateral columns is seen Adjoining the coid on the right is a portion of the growth beneath the pia The wide 
collagenous band crossing from above downward is pia At the right of it the diffuse tumor is again seen 

Fig 2 (case 2) — Meningeal sarcoma , X 280 The photomicrograph shows the cellular nature of the growth 
the absence of stroma and the thin-walled vessels 


figures and much pyhnosis There were large zones in 
which the cells were spindle shaped and resembled the 
structure of a spindle cell sarcoma 
Several sections were taken from the region of the 
first and second frontal gjri immediately above the 
hemorrhage Where the meninges remained intact, 
there was an extensive subpial hemorrhage with areas 
of softening involving the white matter 
The brain was edematous, and the Virchow-Robm 
spaces were widely distended with fluid Two sections 


by segmented leukocytes and mononuclears The cere- 
bellum appeared normal 

The pathologic diagnosis was meningeal sarcoma with 
large subdural clot and localized encephalomalacia 

The third case, already described in the litera- 
ture under the title of “Secondary Gliomatosis 
of the Meninges,” 21 largely because it occurred 
m the same brain with another tumor has been 
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restudied, and we aie convinced that the menin- 
geal part of the tumoi is meningioma and is 
worthy of reconsideration because it indicates 
that the division of meningioma into diffuse and 
nodular types is a superficial one In this case 


Case 3 — A white girl 13 years old died following a 
craniotonn for relief of pressure The complete history 
may be found in the published report 21 
Autopsv — The weight of the brain was 1,115 Gm 
Briefly, there was a ‘ large, firm tumor which projected 
from the left basal ganglia, well to the right of the mid- 



Fig 3 (case 3) — Meningeal fibroblastoma of the pia-arachnoid , X 90 The grow'th involved the pia-arachnoid 
and was not found beneath the pia The portion of the tumor show’ll in this photomicrograph was made up of fibio- 
blastic elements arranged in a diffuse and loosely woven manner, and theie was no evidence of rapid grow'th 

Fig 4 (case 3) — Meningeal fibroblastoma of the pia-arachnoid , X 90 The section w'as taken from another 
portion of the same tumor as that shown in figure 3 In this section the tumor is growing in the compact nodular 
form with quite definite whorls 


both diffuse and nodular fotms were present line and displaced the right basal ganglia” It involved 
together, and one form shaded gradually into the upper portions of the optic thalamus and w-as 4 to 5 
the other The type cell was the same for both cm long and 3 cm wnde 
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The meninges at the base of the brain resembled the 
exudate of chronic meningitis The leptomemnges were 
dull and opaque The subarachnoid space and the cis- 
terna were filled with what was taken to be a thick 
exudate but which proved on microscopic examination to 
be tumor The material obscured the basal vessels, the 
optic chiasm and the exits of the cranial nerves It 
extended over the lateral and anterior aspects of the 
temporal lobes, the base of the cerebellum, the pons and 
the medulla 

Microscopically, the tumor of the basal ganglions con- 
sisted of the main mass, which was diagnosed as gho- 
sarcoma, and a smaller nodule lying within it that was 
not diagnosed Glial fibrils were not observed in either 
of the brain tumors with Mallory’s phosphotungstic acid- 
hematoxylin stam The larger mass invaded the choroid 
plexus, where there was no question of its secondary 
nature 

The growth of the pia-arachnoid over the brain stem 
and basilar regions, ,which was believed to be meningitis 
in the gross inspection, was made up of spindle cells 
arranged m the form of a diffuse membrane It did 
not invade the brain from which it was excluded by 
the pia, but formed a fibrillar network m the arachnoid 
The fibrillar network was taken to be a form of gliosis 
extending from the ghosarcoma although no point of 
connection between the tumor of the brain and the 
arachnoid could be found The report states that in 
some portions it “somewhat resembled an endothelioma 
of the meninges ” Phosphotungstic acid-hematoxylin 
staining of the meningeal tumor showed beautiful fibrils, 
believed at the time of the report to be glial, and coarse 
brown fibers suggestive of collagen 

In the restudy of the case theie is nothing 
to add to the report itself, but in the light of the 
newer classification of tumors of the bram by 
Bailey and Cushing 22 and by others we have 
changed the diagnosis and now interpret the case 
as one of two unrelated intracranial tumors We 
think that the large tumor of the brain would 
now be called “glioblastoma multiforme” and the 
smaller inclusion withm it an isolated nodule 
of bipolar spongioblasts We feel sure that the 
meningeal tumor is meningeal fibroblastoma and 
has both diffuse fibrillar and compact nodular 
portions 

Our reasons for these conclusions are 1 The 
tumor of the bram and the meningeal tumor were 
cytologically different 2 Where the tumor of 
the bram invaded the ependyma and the choroid 
plexus, its original structure was repeated and 
typical glial giant cells were formed The menin- 
geal tumor did not repeat the structure of the 
principal growth and did not contain giant cells 
3 The meningeal tumor was confined to the 
pia-arachnoid, and there was no connection be- 
tween the two tumors 4 Fibrils were not 
shown in the tumor of the bram but were abun- 
dant in the meningioma While neuroglia and 
fibrogha fibrils stam alike with Mallory’s phos- 

22 Baile\, P, and Cushing, H Tumors of the Gli- 
oma Group, Philadelphia, J B Lippincott Company, 


photungstic acid-hematoxylin stam, the airange- 
ment in this case was that of fibrogha 5 There 
are several instances in the literature of tumor 
of the bram and unrelated meningioma having 
occurred m the same case (Cushing and Eisen- 
hardt 2a , Courville 23 ) Courville reviewed and 
tabulated 134 cases of multiple intracranial 
tumors and stated that almost every combination 
of multiple intracranial tumors occurs from the 
standpoint of location, tissue, origin and degree 
of malignancy 

SUMMARY AND COMMENT 

In 2 of the 3 cases of diffuse meningioma 
leported the neoplasm was invasive and showed 
other evidences of rapid growth, such as mul- 
tiple mitoses In the third case the growth was 
both diffuse and nodular In all 3 cases the 
tumoi involved the pia-arachnoid In the first 
case it grew on both sides of the pia, and in 
the second it was attached to the dura and 
separated fi om the bram by the pia In the first 
and third cases the tumor showed fibrogha 
fibrils with Zenker’s fixation and Mallory’s phos- 
photungstic acid-hematoxylm stam In the 
second the tumor was fixed m a solution of 
formaldehyde, which does not preserve fibrogha 
fibrils The demonstration of fibrogha fibrils and 
collagen fibers identified the tumor cell as a 
fibroblast Fibroblasts are polypotential cells, 
capable' of forming diffuse membianes, nodular 
structures, chondromucin, cartilage and bone, 
and may take up fat Special types of con- 
nective tissue cells of the meninges may be 
pigmented (Taft 15 ) The rapid couise m the 
first case argues in favor of tumor (meningioma) 
instead of an embryonic mesenchymal rest as 
postulated by Globus 2b In all 3 cases the 
growth appeared to be a true neoplasm of fibro- 
blastic origin and in our opinion should be classed 
as meningeal fibroblastoma rather than “memn- 
giomatosis ” Apparently menmgiomatosis would 
be hyperplasia of meningeal elements, although 
we were unable to find the word m either of 
the most recent editions of two standard medical 
dictionaries 

In the first 2 cases the tumor was a fibro- 
blastic cancerous growth, and we believe it should 
be called either “meningeal fibroblastoma” or 
“meningeal sarcoma,” since substituting the term 
“malignant meningioma” makes a distinction 
without a difference Finally, the third case ties 
up diffuse and nodular meningioma as variations 
of one and the same cytologic entity 


23 Courville, C B Am J Cancer 26 703, 1936 
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It is wideh known that certain amino acids 
are necessar) foi glow th and the maintenance 
of health , 1 but there aie iew studies pei laming 
to the effects ot specific amino acid deficiencies 
on particulai organs 01 tissues Numeious in- 
vestigations have show n that animals fail to grow 
normall) if placed on diets deficient m essential 
ammo acids It has also been shown that in 
both human and animal populations fertility 
decreases following periods of poor nutrition - , 
when rats were placed on diets deficient onh 
in tryptophan , 3 the animals failed to respond 

Indirect evidence of the anatomic alterations 
associated with deficiencies in ammo acids has 
been presented by studies on choline metabo- 
lism 4 In rats consuming low choline diets the 
liver became fatty and necrosis of the tubular 
epithelium of the kidneys developed , these 
changes were augmented b} the addition of 
cystine and were alleviated by the addition of 
methionine Recently more complete anatomic 
studies have been reported by Hairis and his 
co-w r orkers , 5 who placed rats on synthetic diets 
almost completely fiee of lysine In the six 
weeks of the experimental period the animals 
on the deficient diets ceased to grow' while those 
of the control group developed noimally Post- 
mortem examination of the animals of the de- 
ficient group showed a general w r astmg of soft 
tissue, while blood studies revealed hypopro- 

* Frederick Stearns & Company Fellow' m pin sio- 
logic chemistry 

From the Departments of Pathologj and Physiologi- 
cal Chemistry, Wayne University College of Medicine 

1 Albanese, A A , Holt, L E, Jr , Kajdi, C N , 
and Frankston, J E J Biol Chem 148 299, 1943 

2 Allen, E Sex and Internal Secretions, ed 2, 
Baltimore, Williams & Wilkins Company, 1939, chap 22 

3 Albanese, A A , Randall, R M , and Holt, L E , 
Jr Science 97 312, 1943 

4 Griffith, W H , and Wade, N J J Biol Chem 
132 627, 1940 

5 Harris, H A , Neuberger, A , and Sanger, F 
Biochem J 37 508, 1943 


temcmia and a decicasc in hemoglobin as well 
as in red blood cells Roentgenograms of bones 
showed decreased calcification and piepared sec- 
tions of long bones revealed nai rowed epiphyses 
The testes of the deficient animals were smaller 
by volume and show'cd fewer mitoses The 
foiegoing alterations, in the opinion of Iiairis 
and his co-workers followed an inability of the 
animals to fomt adequate pioteins They believe 
that the changes aie comparable to those seen m 
starvation 

In view' of the panel t\ of information avail- 
able to biochemists and morphologists it seemed 
desirable to gather data regarding the anatomic 
changes that occur m animals complete!} de- 
ficient in only one essential ammo acid In 
each expel iment we have selected a group ot 
)oung rats of a single strain of the same age 
and of comparable w eight The diet of the 
deficient rats w'as similar to that of a control 
group except that in each experiment it was 
deficient in a single ammo acid In the first 
experiment, recoided he 1 e the animals w r ere 
deprived of phenylalanine 

EXPERIMENTAL PROCEDURE 
Animals — Weanling rats of the Sprague-Dawley 
strain, 25 to 28 davs old, we-e emplojed m our experi- 
ment Ten control animals u'ere fed a complete syn- 
thetic diet containing a mixttre of essential ammo 
acids as the source of nitrogen, and 10 experimental 
animals were fed a diet similar in all respects except 
that phenylalanine was omitted The paired feeding 
technic vms emplojed Each animal was kept m an 
individual cage designed to prevent copropllagv 
Diets — Both the control and the deficient diet con- 
sisted of salt mixture (W esson °) 4 per cent, celluflour 
2 per cent, sucrose 67 25 per cent, halibut oil 0 4 per 
cent, corn oil 3 per cent, and amino acids 23 35 per 
cent The ammo acid mixture 7 contained 1-lysme 8 

6 Wesson, L G Science 75 339, 1932 

7 Frederick Stearns & Company supplied all the 
ammo acids and vitamins required m these experiments 

8 This amino acid was administered in the form of 
a monohi drochloride 


MAUN ET AL—RATS DEPRIVED OF PHENYLALANINE 


295 


16 Gm , dl-tryptophan 3 2 Gm , 1-leucine 12 8 Gm , 
dl-isoleucine 16 Gm , dl-valine 22 4 Gm , dl-methionme 
9 6 Gm , 1-argmine s 3 2 Gm , 1-histidme 8 6 4 Gm and 
dl-threonine 16 Gm pei 500 Gm of diet The control 
diet contained in addition 112 Gm of phenylalanine 
In the phenylalanine-deficient experimental diet the 
aforementioned amount of phenylalanine was replaced 
isocalorically by sucrose The diets were supplemented 
with 4 mg of thiamine hydrochloride, 8 mg of ribo- 
flavin, 4 mg of pyridoxine hydrochloride, 4 mg of nico- 
tinic acid, 20 mg of calcium pantothenate, 600 mg of 
paraammobenzoic acid, 50 mg of alpha tocopherol 2 
Gm of inositol and 2 Gm of choline hydrochloride per 
kilogram The avei age daily food intake was 2 53 Gm 

Duiahon of Expeiwient — The lats were maintained 
on the respective diets foi twenty-eight davs Two 
deficient rats died several hours before they were to be 
killed (experiments 4 and 5) 

At the termination of the experimental period the ani- 
mals were killed by decapitation without anesthesia, 
since this procedure provided blood in sufficient quanti- 
ties From 1 0 to 1 5 cc was collected in an evaporating 
dish containing sodium oxalate The amount of spinal 
fluid was negligible, as shown by an analysis made and 
compared with an analysis of blood from the abdominal 
portion of the aorta Aftei removal of samples for hemo- 
globin determinations, the remainder of the blood was 
centrifuged and determinations of plasma proteins car- 
ried out on the plasma 

Autopsies — Autopsies were made immediately follow- 
ing the death of the animals Each organ w'as inspected 
and routinely weighed The entire organs or sections 
of them were fixed in 4 per cent solution of formalde- 
hvde One each of the paired organs, as well as sections 
ot the liver and the kidney , we^e fixed in Zenker’s fluid 
Sections of the sternum, the vertebrae and the long bones 
were decalcified in Zenker’s fluid The tissues w'ere 
embedded in paraffin, sectioned and stained routinely with 
hematoxylin and eositi Additional stains w'ere employed 
as necessity demanded Each eye was fixed in Zenker’s 
fluid, one of them was embedded in paraffin, and the other 
in celloidin 


RESULTS 

Health of the Deficient Annuals — The ani- 
mals on the phenylalanine-deficient diets appeal ed 
to become pi ogressively weaker throughout the 
experimental period These rats were inactive 
and reacted slowl) to stimuli Their han 
appeared coarse and unkempt At the comple- 
tion of the experimental period they weie obvi- 
ously smaller than the control rats, and their 
extreme weakness made it difficult foi them to 
walk Two animals (rats 4 and 5) died several 
hours prior to the time at which they wei e to 
be killed 

Changes in W eight — Although the amount of 
food consumed by the deficient and the control 
animals ivas the same (average, 2 53 Gm pei 
day), the rats on the deficient diet did not 
maintain their weight , all showed a significantly 
greater loss in weight (average, 16 Gm ) than 
did the control animals (average, 4 75 Gm ) 

Oigan Weights — Each organ was weighed 
immediately after its lemoval, and the peicentage 
of organ w eight was determined The percentage 


of oigan weight equals The weights 

were compared in each experiment, and the 
totals v'ere submitted to'statistical anal) sis The 
most pronounced vaiiation w 7 as noted in the 
thymuses The glands of the deficient animals 
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Fig 1 — Comparison of the w r eight curves of each pair 
of rats, one deficient m phenylalanine, the other a control 
The deficient animals weighed the least at end of 
experimental period 

proved to be markedly atrophic, the mean being 
21 2 ±; 2 9 mg , compared with 54 5 ± 7 6 mg 
for the control animals The average organ weight 
of the deficient animals proved to be 0115 pei 
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cent, compared with 0 183 per cent for the con- 
trol animals The testes of the deficient rats 
proved to be uniformly smaller than those of 
the control group, the mean weight being 95 =h 
7 6 mg for the deficient animals and 278 =h 70 
mg for the control animals The weights of the 
other organs showed no significant variations 

Roentgen Studies — In conti ol rats the stomach 
and the lower gastrointestinal tract contained 
gas, while in the deficient rats these organs 
were relatively free of air Other than a dif- 
ference in the length of long bones, theie were 
no skeletal differences in the control and deficient 
groups 

Hemoglobin — Determinations of hemoglobin 
were made by the Sheard-Sanford method u The 
hemoglobin was consistently lower m animals 
on the phenylalanme-free diet, ranging fiom 7 4 
to 14 0 Gm pet hundred cubic centimeters of 
blood, with an average of 9 9 Gm , animals on 
the complete diet had hemoglobin levels ranging 
from 13 7 to 15 8 Gm , with an average of 
14 7 Gm 

Plasma Piotcm — Plasma protein was deter- 
mined by the micro-Kjeldahl method with the 
aid of a Pregl 10 distillation appai atus In the 
deficient animals there w r as a reduction of the 
plasma protein with an average of 4 71 Gm 
per hundred cubic centimeters, compaied with 
5 58 Gm m the control animals From these 
data it would appear that phenylalanine influences 
both hemoglobin and plasma protein formation 

Hepatic Fats — The fats of the livei w'ere 
determined essentially accoidmg to the method 
of Leathes and Raper 11 The hepatic fat of 
the control animals proved to be 4 56 Gm per 
hundred grams which was not sigmficanth 
different than that of the deficient animals 
(3 97 Gm ) 

MORPHOLOGIC OBSERVATIONS 

Heart and Blood Vessels — The entire heait 
was bisected, and sections of the complete oigan 
were prepared Sections obtained from the aorta 
and from the blood vessels of the lungs, the 
kidneys and the peripheral muscles of each ani- 
mal were examined No alterations were ob- 
served in the cardiac muscle, and the blood 
vessel walls of the deficient animals appeared 
to be comparable w'lth those of the controls 

9 Sheard, C , and Sanford, A H J Lab &. Clin 
Med 14 SS8, 1929 

10 Pregl, F Die quantitative organische Mikro- 
analyze, ed 2, Berlin, Julius Springer, 1912 

11 Leathes, J B, and Raper, H S The Fats, ed 2, 
New York, Longmans, Green & Co , 1925 


Lungs — Complete sections of both lungs were 
examined The lungs of both the control and 
the deficient animals proved to be normal save 
for the lungs of 2 deficient rats that died on 
the day they w'ere to be killed Nodular masses 
in these lungs were noted on the gross specimens, 
masses that on histologic examination proved 
to be focal areas of bronchopneumonia 

Live i — The livers of the tw'o groups of ani- 
mals w'ere comparable and presented no abnor- 
malties 

Spleen — The spleens of the tw'o groups pre- 
sented no gross abnormalities, but those of the 
deficient animals showed congestion of the pulp 
The structure and the cells appeared normal 
Kidneys — On gross inspection the kidneys 
of both deficient and control animals appeared 
normal and comparable in si/e However, the 
kidne\s of the deficient animals w'ere somewhat 
inci eased in w r eight Inspection of the glomeruli 
and tubules and the vessels revealed no altera- 
tions in either the deficient or the control group 
Uunaiy Bladdct — The unnarj bladders of 
both the control and the deficient animals w'ere 
noi mal 

Gasti ointcstinal Tiact — On gross inspection 
the gastrointestinal tracts of both groups of ani- 
mals appeared to be normal Sections W'ere 
obtained fiom both portions of the stomach, 
fiom tlnee levels of the small bowel and from 
the several levels of the large bowel The mucosa 
w'as w'cll preserved m all animals and showed 
no histologic alterations 

Shin — The han of the deficient animals w'as 
stung) and coarse to palpation Inspection of 
the skin showed an increased amount of sub- 
cutaneous fat and connective tissue in the control 
gioup Examination of the prepared sections 
taken from the ventral and lateral abdominal 
w'alls shou'ed the epidermis and the conum to 
be comparable in the tw'o groups Although 
no detailed studies w'ere made, there w'ere no 
obvious diffeiences m the appearance of the 
hair follicles 

Voluntaiy Muscle — The muscles of the de- 
ficient group of animals appeared similar to 
those of the control animals, although they 
w'ere somewhat smallei Histologic study of the 
muscles revealed no alterations in either group 
Bones and Joints, Manozv — Examination of 
longitudinal sections of the tibia and the femur, 
softened in Zenker’s fluid, revealed these facts 
1 The epiphysial cartilages of the deficient rats 
were consistently narrow ei than those of the con- 
trol animals To check this observation the 
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width of the cartilage disk was measured at three 
zones The average width of the disk for the 
10 deficient rats proved to be 0 116 mm , com- 
pared with an average of 0 174 mm for the 
control animals The cartilage cells in the defi- 
cient rats showed no alterations, but the columns 
of cells m the control group were more uniformly 


m the deficient animals 2 The bony trabeculae 
appeared more prominent and larger in the 
control animals This difference was not strik- 
ing, and the degree of calcification appealed equal 
in both groups 

Marrow was available for examination from 
the long bones, the sternum and the vertebrae 
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A nf d 7 ’ 2 80 * C ’ f drena ! gland hom the control animal of pair 7, D, adrenal gland from the deficient 
animal of pair 7 Hematoxylin and eosm, X 150 


arranged This alteration along with the pres- 
ence of islands of cartilage encircled by bony 
trabeculae on the joint margins of the cartilage 
produced some irregularity of the epiphysial line 


Theie were no alterations m the marrow speci- 
mens of either group 

Siam, Spinal Coid and Netves — In each 
instance the fixed brain was sectioned so that the 
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entire organ was available for stud) Sections Pituitary Gland — In an attempt to piesene 
of the spinal cord were taken from at least three the pituitar) gland intact the base of the skull 

levels, and peripheral neives were studied in and the attached pituitary gland were fixed in 

muscles taken from the legs No alterations Zenker’s fluid Unfortunatel) , it was difficult 

were observed in the central 01 the pqnpheral to prepaie sections of the gland with this prepa- 



Fig 3 — A, testis from the control animal of pair 2, B, testis from the deficient animal of pair 2 Note' sloughing 
of the epithelium m the lumens Hematoxylin and eosm, X 150 C, section of a femur of the control animal of 
pair 5 , D, section of a femur of the deficient animal of pair 5 Hematoxylin and eosm , X 80 

nervous system of any of the normal or the ration , so only fout glands from the deficient 
deficient rats and control groups w r eie available foi exannna- 

Eyes — Neither the eyes of the deficient nor tion The sections w r ere cut at 4 microns and 
those of the control animals showed alterations stained with hematoxylin and eosm and with 
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azocaimme No alterations weie noted m either 
the deficient 01 the control group 

Thy) oid and Paiathyioid Glands — Because 
the animals were decapitated it was difficult 
to find the thyroid gland Howevei, by pre- 
paring numerous sections from the soft tissues 
of the neck the gland was found in 2 lats of 
the deficient group and in 3 rats of the control 
group In all a parathyroid gland was embedded 
m the thyroid tissue No differences were noted 
between the glands of the two groups 

Thymus and Lymph Nodes — At autopsy the 
tlrsmus of each of the deficient rats w'as found 
to be extremely small and in some instances 
almost impossible to identify, while the thymus 
of each of the control animals filled the superior 
mediastinum 

Examination of the piepared sections showed 
the structure of the thy muses from the control 
animals to be r\ell preserved and the cellular 
elements normal The obvious atiophv of the 
glands of the deficient animals w'as more staking 
on histologic study The atrophy varied from 
moderate to severe, so that m some instances 
only remnants of the gland could be identified 
The earliest changes were lepresented by thin- 
ning of the lymphoid elements of the coi tical zone 
with resultant nan owing As these lymphoid 
elements became more spaise the connective 
tissue stroma and the reticulum became relatively 
more prominent In those glands presenting 
severe atroph} , onl) a few 1) mphocytes were 
scatteied through a thin cortex, while the medul- 
larv regions formed the bulk of the organ In 
addition to the apparent relative increase in 
stioma, proliferation of the reticular cells was 
observed, and numerous giant cells w'ere noted 
m mature and apparently newd) formed stroma 
The central portions of such lesions contained 
numerous irregular clefts typical of cholesterol 
deposits The giant cells were often of the 
foreign body but more frequently of the Langhans 
L pe The formed granulomas were most prom- 
inent in the glands that were markedly atrophic , 
only a few giant cells could be found m the 
more normal glands 

Lymph nodes w'ere obtained from the axilla, 
the mediastinum and the neck The structure 
of all W'as w'ell preserved and no abnormalities 
were found m the nodes removed from either 
the control or the deficient groups of animals 

Adi cnal Glands — Although the adrenal glands 
trom both groups of animals w'ere on gross 
examination almost equal m weight, histologic 
stud\ revealed noticeable changes m the glands 
of the deficient rats These alterations varied 


w ith each animal and were observed only in the 
cortex It was apparent by examination under 
low magnification that the structure was usually 
well preserved but that thinning of the cortex 
was often present The intei mediate zone almost 
uniformly appeared to be crowded or compressed 
as compared with that of the control animal 
In addition, numerous nuclei of the cells of the 
intermediate zone appeared as deeply stained 
dense granular masses More careful inspec- 
tion of these nuclei disclosed a few thm spirals 
and often chromatin clumps These may repre- 
sent atypical or abortive mitoses Other hyper- 
trophied nuclei showed prominent nucleoli and 
large masses of chromatin Further inspection 
of the intei mediate zone undei high magnifica- 
tion showed the cells to be smaller and to contain 
less lipoid The intervening vascular channels 
w'ere moie prominent here and also m the 
reticular zone In deficient animals the cellular 
compression and the prominent vascdlar spaces 
w'ere probably pioduced by cellular atrophy 

Pana eas — The pancreases of the two groups 
of animals w'ere comparable and noimal 

Female Genital System — The ovaries, ovi- 
ducts and uteri w'ere available from 3 animals 
of the deficient group and 3 animals of the 
control group Admittedly, evaluation of these 
tissues is difficult, but no differences were ob- 
served m either group It w'as noted that 
maturation of follicles w r as present m animals 
of the deficient gioup 

Male Genital System — Testicular atiophy was 
prominent in most animals maintained on the 
phen} lalanme-deficient diets Examination of 
the pi epared slides presented more striking 
changes The tubules of the testes of the defi- 
cient animals appeared smaller, and the cellular 
alterations were prominent Large eosinophilic- 
staimng cells and considerable cellulai detritus 
were found in the lumens of the atrophic tubules 
Few cells had developed beyond the stage of 
the primary spermatocytes and the Sertoli cells 
were prominent The interstitial cells and the 
cells of the epididymis showed no prominent 
alterations Unfortunately, the prostate gland 
and seminal vesicles were not removed for 
examination 

COMMENT 

Some of the anatomic alterations observed m 
phenylalanine-deficient rats have previously been 
observed m experiments on chronic and general 
malnutrition 12 It has been observed that under- 

12 Jackson, C M The Effects of Inanition and 
Malnutrition upon Growth and Structure, Philadelphia, 
P Blakiston’s Son &. Co , 1925 
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fed rats show a retaidation of skeletal giowth 
and that lats fed on lysine-deficient 0 diets have 
narrowed epiphyses and a decrease of calcium 
in their bones, the latter not observed in these 
studies, however Profound thymic atrophy has 
been frequently noted m both man and animals 
following acute and chiomc inanition, and the 
decrease observed in the lymphoid portions of 
the gland apparently simulates the atrophy noted 
here in phenylalanine-deficient lats Atrophy of 
the adrenal cortex 1J with a decrease in the 
lipoid content of the cortical cells has also been 
noted, diffenng little from that observed in the 
present experiment Retiogiessive alteiation m 
the epithelial cells of the seminiferous tubules 
m the phent lalamne-deficient rats and in those 
reported on staivation diets is less severe than 
the alteration in vitamin E 14 deficiency but 
about equal to that in \itamm A deficiency 

13 Jackson, C M Am J Anat 25 221, 1919 

14 Mason, K E Am J Anat 52 153, 1933 


SUMMARY 

Young lats were fed synthetic diets of crystal- 
hne ammo acids, crystalline vitamins, fats and 
dextrin plus the necessary salts The animals 
wei e pair fed so that the rat. of the control gi oup 
leceivcd the exact quantity of food that his 
previouslj fed paired partner of the deficient 
group leceived The control animals received 
a balanced diet while those of the deficient gioup 
i eceived a diet dc\ oid of phenylalanine but other- 
wise identical with the control diet During 
the experimental period of twenty-eight days 
the animals of the deficient group lost weight, 
giadually became weaker and in general appeared 
unkempt 

Those rats fed on diets deficient in pheml- 
alamne showed these icsults a reduction in 
hemoglobin and plasma proteins narrowing of 
the epiphysial cartilages of the long bones , marked 
atrophy of the tin mus . atropln and decreased 
lipoid content of the adienal cortex, degenera- 
tion and atropln of the seminiferous tubules of 
the testes 



PATHOLOGY OF ANAPHYLAXIS DUE TO ' SULFONAMIDE DRUGS 
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Systematic study of the pathology of human 
anaphylaxis is in its infancy Most of the lecog- 
mzed instances of anaphylactic death aie of the 
sudden, dramatic variety, with no time for the 
appearance of morphologic changes Some com- 
mon, as well as some rare, diseases are believed to 
be of allergic origin, but the proof is either in- 
complete or disputed , rheumatic fever, peri- 
arteritis nodosa, rheumatoid arthritis, acute pan- 
creatitis, lupus erythematosus disseminata, glo- 
merulonephritis, scarlet fevei and infectious 
mononucleosis are but a few examples All have 
been inculpated because of clinical or historical 
similarities to serum sickness or accelerated 
alleigic responses in both man and animals and 
because of the anatomic changes noted from tune 
to tune in material obtained at autopsies These 
data to date have been totally inadequate foi the 
construction of a well documented catalog of 
human immunopathology This lack has blocked 
and continues to block a wider appreciation and 
acceptance of the anaphylactic interpretation of 
disease 

The universal use of sulfonamide compounds 
and the discovery that they can act as antigens 
capable of eliciting fatal reactions have, foi the 
first tune, made possible the study of a large* 
number of relatively slow but fatal anaphylactic 
reactions Because of these circumstances, the 
lesions discovered and the problems suggested 
by 5 cases of anaphylactic death following theia- 
peutic use of sulfonamide compounds aie pre- 
sented 

REVIEW OF LITERATURE 

The phenomenon of anaphylactic death has 
fascinated immunologists and some pathologists 
since Fortier and Richet 1 recognized the sig- 
nificance of the fulminating fatal syndrome in- 
duced in some of their dogs The anatomic 
changes accompanying this type of profound 
shock and subsequent death m both animals 
and man are so limited by the rapidity of the 

From the Department of Pathology, Medical College 
of Virginia 

1 Portier and Richet, C Compt rend Soc de 

biol 54 170, 1902 


i eaction that only the demonstration of a passive 
transfer of sensitivity (Prausmtz-Kustner reac- 
tion) in conjunction with an evaluation of the 
past history and the circumstances of death can 
establish the cause of the sudden death 

The production of local lesions by intrinsically 
harmless proteins (Arthus 2 ) opened the door 
to the anatomic study of both local and general- 
ized anaphy laxis Since then the results of many 
investigations of the morphologic evidence of 
antigen-antibody reaction have been published, 
and numerous variations of Richet’s and Arthus’ 
fundamental experiments have led to the recog- 
nition of certain lesions as characteristic of (if 
not specific for) the hyperergic tissue response 
Von Pirquet 3 and Shick described m accurate 
detail a “unique” anaphylactic reaction in man 
which occurred eight to twelve days after a pri- 
mary injection of horse serum The syndrome 
was marked by a high temperature, cutaneous 
rashes (sometimes monbilliform or scarlatim- 
form), a tendency' toward leukopenia, transient 
arthritis, lympliadenopathy, subcutaneous edema 
and albuminuria This clinical process they' 
named Sennnki ankheit (serum sickness) 

When, in 1917, Landsteinei 4 and Lampl 
demonstrated the mechanism whereby nonaller- 
gemc substances (simple chemical compounds) 
became allergens, the basis of a real understand- 
ing of drug allergy was laid 

Allergic reactions elicited by nonprotem drugs 
have been described so often and so regularly 
in medical journals that few well informed per- 
sons nere skeptical when, in 1937, Hageman 
and Blake 5 reported the serum-sickness-like re- 
actions of a group of patients who were treated 
nith sulfanilamide Goodman and Levy 6 weie 
among the first to suggest that the rash appear- 

2 Arthus, M M Compt rend Soc de biol 55 
817, 1903 

3 von Pirquet, C Jahrb f Kinderh 62 537, 1905 

4 Landstemer, K The Specificity of Serological 
Reactions, Springfield, 111, Charles C Thomas, Pub- 
lisher, 1936 

5 Hageman, P O , and Blake, F G TAMA 
109 642, 1937 

6 Goodman, M H, and Lev\, C S JAMA 
109 1009, 1937 
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ing aftei treatment with sulfanilamide was the 
result of hypei sensitivity, and while cutaneous 
tests in their 2 cases weie lespectively negative 
and doubtful, 1 eadmimsti ation of a small dose of 
the drug by mouth promptly 1 esulted m a typical 
itching reaction of the skin Schlesmger and 
Mitchell 7 studied the course of ei uptions in 
children tieated with sulfanilamide and noted a 
“natuial history” of the rash maiked by piocho- 
mal fevei, transient leukopenia and a moibilli- 
toim and occasionally a scarlatmiform rash 
often associated with splenomegaly, mci eased 
capillary'- fragility and m some cases aithutic 
sy mptoms 

Schonholzer 8 demonstiated that a/osulfamide 
is bound to the seium albumin, and Daws 1 ' suc- 
ceeded m conjugating sulfonamide compounds 
to human blood serum by procedures tollowing 
the methods pioneered be Landsteinei and Lampl 
The results w T ei e con finned by Wed inn 10 and 
Geiber and Gioss 11 Wedum using human and 
rabbit serum, as w'ell as egg albumin, as the 
piotein portion of the antigenic molecule w’as 
able to produce anaphylactic shock, positive 
mtradeimal reactions and, furthermoie with 
appropriately piepared antibodies, in utro pre- 
cipitation of the antigen Gerber and Gross 
likewise demonstiated the antigenicity of con- 
jugated sulfonamide compounds by producing 
anaphylaxis and the Slnvartzman phenomenon in 
guinea pigs and rabbits 

Schlesmger and Mitchell, 7 using conjugated 
sulfanilamide, encountered the difficulties that had 
been met by' past investigators in the field of 
drug allergy' Thev w r eie unable to elicit in 
hypersensitive patients a positive reaction with 
scratch, patch oi mtradermal tests Attempts 
to demonstrate hypersensitivity' by means ot the 
Prausnitz-Kustner reaction likewise failed Be- 
cause of these difficulties, doubt w r as expiessed 
by r many' as to the validity' of the anaphylactic 
concept of the reactions following treatment with 
sulfonamide compounds More recently', how r - 
ever, Shaffer, Lentz and McGune 12 have re- 
ported the production of a positive Piausnitz- 
Kustner reaction to sulfathiazole with serum 
from persons who had reacted to the drug a 
second time 

7 Schlesmger, E R , and Mitchell, W L Am J 
Dis Child 56 1256, 1938 

8 Schonholzer, G Klin Wchnschr 19 790, 1940 

9 Davis, D B Science 95 78, 1942 

10 Wedum, A J J Infect dis 70 173, 1942 

11 Gerber, I E , and Gross, M J Immunol 48 
103, 1944 

12 Shaffer, B , Lentz, J W , and McGuire, J A 
JAMA 123 17, 1943 


Leftwuch 14 has done much to dispel any re- 
maining skepticism by utilizing as test material 
the blood serum of patients receiving a sulfon- 
amide ding m the course of theiapy Reasoning 
that the di ug must be present m the blood stream 
as a piotein conjugate, he inoculated mtrader- 
mally 0 05 cc of a sei um know n to contain 
conjugates into 30 persons who had icacted to 
sulfonamide compounds with a typical hyper- 
sensitive pattci n 1 w ent\ -eight of these persons 
promptly' lcsponded to the homologous sulfon- 
amide conjugate by' wheal formation at the site 
ot inoculation , 2 did not react Asa control 
26 persons who had leceived treatment without 
leacting w'eie tested in a similar manner 24 
showed no reaction, and onl\ 2 reacted The 
specificity of the cutaneous leactions w r as demon- 
strated by r the fact that only' 3 of the sensitne 
patients reacted to a nonhomologous conjugate 
This foim of cross sensitization was also encoun- 
teied by Wedum 10 and by Geiber and Gross 11 
m then e\pei imental work and has been ob- 
seived in the course ot human therajn 

Since morphologic changes which are con- 
sidered chaiactenstic of anaphylactic states ha\e 
been noted in immunopathologic expenments it 
was natural that similar lesions should be 
sought in persons who died during or attci reac- 
tions of an alleigic type following tieatment with 
sulfonamide compounds Numerous isolated 
instances and a few' series of cases of death due to 
the effects of sulfonamide drugs have been re- 
poi ted in the literature , most of the authors ha\ e 
been concerned W'lth the mechanism of uro- 
lithiasis medicamentosa oi W'lth the fatal blood 
ch scrasias agranulocytosis and hemoh tic anemia 
Since mechanical uremia lies outside the scope 
of this papei, it will not be furtbei considered 
The two blood dvscrasias aie y r et to be encoun- 
tered m the autopsy room of the Medical College 
of Virginia, and only their minimal and theo- 
retic expressions leukopenia and ery throphago- 
cy'tosis, w'lll be discussed 

Cutts, Burgess and Chafee 14 encounteied one 
death m a series of patients tieated with sulfa- 
thiazole On the eighth day of theiapy a gen- 
eralized lash appeared Because of developing 
oliguria, the drug w as discontinued on the eleventh 
day Howevei, the secietion of urine decreased 
to total anuna In the autopsy protocol the kid- 
ney's were said to have show'll tubular degenera- 
tion with foci of neciosis and interstitial round 
cell infiltration containing some neutiophihc poly- 

13 Leftwich, W B Bull Johns Hopkins Hosp 
74 26, 1944 

14 Cutts, M , Burgess, A M , and Chafee, F H 
New England J Med 223 762, 1940 
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moiphonuclear leukocy tes This was one of the 
earliest cases in which anuria was leported as 
not due to mechanical obstiuction 

Eiganian and Doval 15 had a sinnlai expeti- 
ence with a child in whom anuria developed fol- 
lowing readmimstiation of sulfathiazole The 
kidneys showed marked tubular degeneiation, 
and although concretions were piesent m the 
pelves, the authois believed that the anuna w'as 
due m laige pait to the tubular damage 

Monto 10 described 3 cases of chemothei apeutic 
anuria encounteied within a relatively short time 
at the Henry Fold Hospital He was convinced 
that the failuie of the kidneys was due to the 
nephrotic changes and not to crystalluria 

Since the lesions of the fatal leactions are 
generalized and not limited to the kidneys, the 
paper by Ledeier and Rosenblatt, 17 soon fol- 
lowed by that ot Merkel and Craw'ford, 18 gave 
the first detailed and balanced morphologic pic- 
ture of such reactions These authors were not 
pnmarily conceined w r ith the pioblem of ana- 
phylaxis, confining themselves to anatomic de- 
scnptions, although Lederer and Rosenblatt sug- 
gested that anaphylaxis might m part account 
for the nonbacterial foci of necrosis which stood 
in the f oregi ound of the observed changes These 
foci w r eie sui rounded by cellulai exudates whose 
components, monocytes, lymphocytes and neuti o- 
plulic leukocytes, vaiied in piopoition fiom 
case to case, with the monocytic elements 
piedommatmg They weie described in the fol- 
lowing organs liver, spleen, lymph nodes mai- 
iow, lungs, heart kidneys, adienal glands and 
pancreas In addition, the convoluted tubules 
ot the kidneys were so degenerated as to j ustify 
application of the term “nephrosis” in most cases 
Interstitial myocarditis was observed by Lederei 
and Rosenblatt in 2 instances, accompanied in 
case 3 by a heavy monocytic mantling of some 
of the coionary artenes 

No characteristic pulmonaiy lesion was en- 
countered , foci of consolidation and neci osis 
were seen 

The hvei was the most frequent site of foci of 
necrosis , these w r ei e small and left the sti uc- 
tuie of the organ essentially intact Ivupftei 
cells W'ere prominent, and in case 2 the portal 
fields weie matkedly infiltrated by monocytes 
and occasional neutrophilic leukocytes 

15 Erganian, J A , and Doval, J H J Lab & 
Clin Med 28 808, 1943 

16 Monto, R W Ohio State M J 38 925, 1942 

R Lederer, M , and Rosenblatt, P JAMA 

119 S, 1942 

18 Merkel, C, and Ciawfoid, R C JAMA 
119 770 1942 


111 evert instance m which the spleen w r as 
histologically examined it contained areas of 
ischemic necrosis Identical lesions of the lymph 
nodes weie paiticulaily well described by Merkel 
and Crawford 18 

Rich 10 lecogmzed the lelationslnp between 
lesions like those of periarteritis nodosa which 
he obseived in 6 patients who had leceived mas- 
sive serum therapy^ and the serum sickness which 
pieceded the death of 5 A seventh patient, 
leceivmg no serum but only sulfonamide diugs, 
showed the same lesions as the piecedmg 6 
This observation w r as continued a short time 
latei by investigation of a second instance of 
i eaction to a sulfonamide compound 20 The 
lesions seen by r Rich were primal lly vasculai 
and consisted of fibunoid necrosis of the w r alls 
of small artenes, which had rich adventitial col- 
lars ot monocytes and occasional polymoipho- 
nuclear leukocytes In addition m 3 of the 
cases of seium sickness mteistitial myocaiditis 
and focal neciosis of the lymph nodes weie noted 
In the 2 cases of reaction to sulfonamide com- 
pounds aseptic, w idely disti lbuted foci of neci osis 
of the type descubed by Ledeiei and Rosen- 
blatt 17 were seen, furthermore m the second 
of these 2 cases the same type of interstitial 
myocarditis, intei stitial neplnitis and a unique 
form ot panel eatitis were obseived The in- 
filtrating cells in all oigans weie chiefly mono- 
cytes, lymphocytes and neuti oplnlic and occa- 
sionally eosinophilic poly moi phonucleai leuko- 
cytes 

Many of these lesions had pieviously been 
descubed by numeious authors studying expeii- 
mental anaphydaxis in animals 

The latest contribution in this field is the 
work of Rich and Gregoiy 21 who induced what 
Fleischer and Jones 2 - fiist described as the 
equivalent of serum sickness in labbits Post- 
mortem study of these animals revealed all the 
chai actenstic changes of piotem anaphylaxis, 23 
the lesions being comparable in appearance and 
disti lbution to those obseived by Rich m human 
serum sickness and i eaction to sulfonamide 
drugs 

19 Rich, A R Bull Johns Hopkins Hosp 71 

123, 1942 

20 Rich, A R Bull Johns Hopkins Hosp 71 

375, 1942 

21 Rich, A R , and Gregory, J E Bull Johns 
Hopkins Hosp 72 65, 1943 

22 Fleischer, M S , and Jones, L J Exper Med 
54 597, 1931 

23 (a) Heinlein, H Ergebn d Hvg , Balct, Im- 

mumtatsforsch u exper Therap 20 274, 1937 ( b ) 

Khnge, T Beitr z path Anat u z allg Path 83 

185, 1929 ( c ) Vaubel, E ibid 89 374, 1932 (d) 

Apitz K Virchows Arch f path Anat 289 46, 1933 
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Gessler 24 has recently contributed a descrip- 
tion of 3 cases of death caused by reaction to 
sulfonamide compounds, m which the pathologic 
changes were similar to those just described 

No attempt has been made to review exten- 
sively the immense literature of anaphj laxis and 
reactions to sulfonamide compounds However, 
a number of excellent leviews are available and 
are listed among the references 25 

REPORT Or CASES 

Case 1 — A 23 year old Negro woman was given 
sulfathiazole by her physician because of abdominal 
pain She rapidly grew worse, and after four days was 
referred to St Philip’s Hospital In the cmeigency 
room her appearance of extreme shock was confirmed 
by a blood pressure reading of 70 systolic and 50 dias- 
tolic Her temperature was recorded as 105 F , and the 
pulse rate as 110 per minute A blood count revealed 
4,800,000 erythrocytes and 12,650 leukocytes per cubic 
millimeter The urine showed albumin (3 plus) and 
rare hyaline casts Chemical studies of the blood is ere 
reported as showing nonprotem nitrogen 190 mg , sugar 
143 mg and sulfathiazole 1 8 mg per hundred cubic 
centimeters The patient died the day after admission 
to the hospital The clinical diagnosis was uremia due 
to sulfathiazole 

Gross Examination — The spleen weighed 190 Gm Its 
capsule was covered by a thin layer of fibrin and was 
marked by small, prominent, firm, confluent brown-red 
areas, which on section showed pyramidal configuration 
with the bases on the capsule The surrounding tissue 
was not remarkable in appearance 

The left fallopian tube was bound to its ovary by 
fibrous adhesions, the fimbriae were accreted and scaled 
the lumen 

The right and left kidneys weighed respectively 220 
and 200 Gm , the fibrous capsules stripped with ease, 
revealing smooth lobulatcd surfaces Sections showed 
pale bulging surfaces with well demarcated cortico- 
medullary boundaries The pelves were not remarkable 

Microscopic Examination — The myocytes of the heart 
were fragmented, and the intervening spaces were 
widened by edema A sparse interstitial monocytic 
infiltration was present, particularly prominent about 
the small vessels 

Sections of liver were characterized by early frag- 
mentation of the cords The portal fields were infiltrated 
by monocytes, eosinophilic leukocytes and occasional 
plasma cell? Stille’s spaces were wide, the sinusoids 
were moderately congested and contained occasional 
macrophages, which were filled with leukocytes (fig 1) 
and erythrocytes The parenchymal cytoplasm was the 
seat of cloudy swelling Kupffer’s cells were prominent 

The follicles of the spleen were enlarged and showed 
marked central hyperplasia and necrosis The reticulo- 
endothelium was hyperplastic and displayed active 
erythrophagocytosis and leukophagocytosis The firm 
pyramidal zones already described grossly were areas 
of ischemic necrosis Necrobiotic neutrophilic leuko- 
cytes and much basophilic debris marked the areas of 
necrosis, which were demarcated by a zone of reaction 

24 Gessler, C N South M J 37 365, 1944 

25 Ratner, B Allergy, Anaphylaxis and Immuno- 
therapy, Baltimore, Williams & Wilkms Company, 
1943 Longcope, W T Medicine 22 251, 1943 Simon, 
M A Am J M Sc 205 439, 1943 Heinlein 23 " 


Lymph nodes from various sites showed diffuse hyper- 
plasia , some contained macrophages similar in all 
respects to those described m the spleen Numerous 
eosinophilic and neutrophilic polymorphonuclear leuko- 
evtes were scattered about the pulp 

The renal interstices were infiltrated by monocytes, 
plasma cells and occasional eosinophilic leukocytes 
These showed a tendency toward focalization about 
glomeruli and small vessels The glomerular tufts con- 
tained little blood, and in a few instances the number 
of endothelial cells appeared to be increased The 
glomerular spaces contained precipitated protein, and 
the parietal lining was composed of cuboidal cells The 
tubules show'ed cloudy swelling of their epithelium but 
no necrosis Examination of the peripelvic fat clearly 
showed the ubiquitous exudate described in the heart, 
the liver and the kidneys 

Pathologic Diagnosis — Interstitial myocarditis, serous 
hepatitis, interstitial nephritis, focal splenic necrosis 
(Feitis) , generalized lymphadenitis, salpingitis on the 
left side, erosions of the cervix, cavernous hemangioma 
of liver c 

Case 2 — A white man 54 years old was referred 
from a tuberculosis sanatorium to the Medical College 
of Virginia Hospital for treatment of “vague urinary’ 
disturbances” and abdominal discomfort of three months’ 
duration On admission the tempeiature, the pulse and 
respiratory rates and the blood pressure were well 
within normal limits The urine revealed no albumin 
and no sugar, the blood count was not remarkable, and 
the blood nonprotem nitrogen was reported as 36 mg 
per hundred cubic centimeters A phcnolsulfonphthalem 
test for renal function resulted m the excretion of 53 
per cent of the injected total in two hours and twenty - 
five minutes The unusual interval of time for this 
procedure was entailed by the patient’s difficulty in 
micturition, due to an enlarged prostate gland 

Physical examination did not produce any clinical 
evidence of disease other than prostatic hypertrophy 
For some unrecorded reason, 240 grains (15 5 Gm ) 
of sulfathiazole was prescribed and administered from 
the day of his admission — May’ 19 to May 23, 1943 
Roentgenologic investigation of the kidney s on May 22 
revealed an enlarged minor upper calix m the left organ 
Urine from the corresponding ureter contained 3 to 4 
erythrocytes per high power field The contralateral 
kidney excreted normal urine After the first few days 
of sulfathiazole medication the patient frequently vom- 
ited, refused food and was given large amounts of fluid 
intravenously On May 29 he complained that he had 
not v’oided for five or six day's Blood taken for chem- 
ical studies on May 28 contained 112 mg of nonprotem 
nitrogen and 8 0 mg of creatinine per hundred cubic 
centimeters 

The temperature, which had been normal up to May 
29, began to rise and remained at a level of about 102 F 
for the remainder of his stay 
On May 50 and 31 he was given 30 grains (2 Gm ) 
of sulfathiazole intravenously m a desperate attempt to 
stave off death, which occurred thirteen day’s after his 
admission 

Gross Examination — The left lung weighed about 
750 Gm Fibrinous bands bound the parietal and the 
visceral pleura in the axillary line The organ was 
subcrepitant throughout except for some marginal em- 
physema Section brought to view’ foci of consolidation 
in both lobes The right lung weighed 500 Gm and 
was essentially similar to the contralateral organ The 
bronchial lymph nodes draining the right lung were 
enlarged and contained calcific concretions and soft 
caseous gray-white material 
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Fig 1 (case 1) — Serous hepatitis Trabeculae are moderately fragmented, Disse’s spaces are prominent, 
and within a sinusoid is a macrophage filled with leukocytes (x 441 6) 

Fig 2 (case 2) — Fibrinoid necrosis of a small coronary artery (X 441 6) 

Fig 3 (case 2) — Interstitial pneumonia The infiltrating leukocytes he within edematous septums , the alveoli 
are outlined by fibrin membranes (x 165 6) 

Fig 4 (case 2) — Necrotizing arteritis m renal pelvis and fibrinoid degeneration of the adjacent connective 
tissue (x653) 

Fig 5 (case 2) — Necrosis of an isolated renal convoluted tubule surrounded by leukocytes The epithelium 
of neighboring tubules shows marked degeneration (X 653) 

Fig 6 (case 2) — Intimal fibrinoid degeneration of splenic arteries and arterioles (X 331) 
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The prostate gland was moderately enlarged, and its 
median lobe impinged on the trigonum vesicae The 
bladder contained no urine, and its mucosa was edema- 
tous A small calculus obstructing the left ureteral 
orifice was removed, revealing uninjured mucosa 

The left ureter and the renal pelvis were somewhat 
dilated but, except for one calix, were everywhere lined 
by normal-appearing gray mucosa The calix excepted 
measured about 2 cm in diameter and w r as lined by 
black-stained tissue Its lumen was partly filled with 
similar-colored viscid material , no calculi were seen 
The capsules of both kidneys stripped with moderate 
difficulty, revealing coarsely granulated surfaces On 
section, the tissue planes bulged and were livid gray 
Structural details were obscured, and the corticomedul- 
lary boundary w'as poorly defined 

M xci oscoptc Examination — The myocardial fibers 
were separated by marked interstitial edema, they w’ere 
fragmented but not necrotic The small arteries 
were marked by homogeneous swelling of the intima 
and vacuolation of the media (fig 2) The nuclei of the 
myocytes in some vessels were distorted, some showing 
pyknosis and others karyorrhexis A. minimal exudate 
of monocytes was present in the interstices, cluefh 
about the vessels 

Study of numerous sites in all pulmonary lobes re- 
vealed edematous alveolar septums, mfiltiatcd by mono- 
nuclear cells, many of which were frank macrophages, 
containing \acuoles and occasionally a leukocyte, an 
erythroevte or both Numerous interahcolar arterioles 
and capillaries w'ere filled with conglutinatcd thrombi 
The alveolar w'alls were outlined by acidophilic fibrin 
membranes, which characterised the lesion (fig 3) 
Within the air sacs was an exudate consisting hrgeh 
of macrophages, monocytes fibrin and neutrophilic 
leukocytes The pioportions of these elements vaued 
from one region to another Nowhcie, howevci, w r cre 
the polymorphonuclear leukocytes numerous Large 
macrophages, in some loci assuming the proportions of 
giant cells, filled entire alveolar groups Many of the 
pulmonary arteries showed medial \acuolation and sub- 
mtimal leukocytic exudate 

The renal structure w j as intact The abscess of the 
calix in the left kidney w'as lined by granulation tissue 
infiltrated by macrophages, its lumen containing numer- 
ous neutrophilic leukocy tes and monoc\ tes , the process 
was sharply delimited from the lenal parenchyma Sec- 
tions of other calices revealed completely intact epi- 
thelium of the transitional type The submucosa w'as 
diffusely infiltrated by monocytes, lymphocytes and 
occasional eosinophilic leukocytes Small arteries, whose 
walls showed the changes described in the heart, were 
likewise present Some of the vessels w r ere frankly 
necrotic, and the surrounding connective tissue was 
edematous, intensely eosinophilic and infiltrated by 
monocytes (fig 4) This form of fibrinoid connective 
tissue necrosis was focal in distnbution Both oigans 
contained numerous small fibrous cortical scars, which 
were subcapsular, and contained completely fibrotic 
glomeruli The tubules within these foci w'ere atrophic, 
and the interstices were infiltrated by lymphocytes 
A second exudate of different composition — monocytes, 
plasma cells, eosinophilic leukocytes and occasional 
neutrophilic leukocytes — was diffusely spread through- 
out the interstices of both the cortex and the medulla 
The glomeruli on the whole were relatively avascular 
No increase in endothelial or epithelial cells of the 
capillary loops was apparent , however, the cells of the 
parietal leaf of Bowman’s capsule were hypertrophied, 
some having assumed almost cuboidal appearance Iso- 
lated convoluted tubules were necrotic (fig 5) , the 


gieatest number showed only marked cloudy swelling 
No evidence of tuberculosis w'as seen in either kidney 
Arterial medial edema and nuclear changes of the type 
already described were again encountered 

A section of the aorta showed marked fibrous thick- 
ening of the mtima, which contained foci of athero- 
matosis, adherent was a laminated thrombus The 
subjacent ultima was infiltrated by neutrophilic poly- 
morphonuclear leukocytes, at the junction of the intima 
and the media was an exudate of monocUes and poh- 
morphonuclear leukocytes invading the innermost 7one 
of the media Within this region the myocytes were 
edematous and the nuclei distorted The adeentitia was 
the seat of a similar but moderate cellular exudate 

'1 lie sinusoids of the spleen were markedly congested, 
the follicles were enlarged and contained numerous 
neutrophilic leukocjtcs The reticuloendothelial cells 
were In pcrplastic, and some germinal centers were 
necrotic Fibrinoid homogenization of the intimal coat 
ot the arterioles was seen in almost all follicles (fig 6) 
Infiltiating beneath the endothelium of some of the 
laigcr \essels were numerous monocytes, lymphocytes 
and rare polymorphonuclear leukocytes 

The centrolobuhr sinusoids of the liver were dilated 
and congested The parcnclnmal cells boidcrmg these 
areas were compressed and their cytoplasm was granu- 
lar Kupffei cells were Inpertrophicd uid Disse s spaces 
widened Occasional foci of a few pohmoiphomiclcar 
leukocUcs marked these loci The portal fields con- 
tained some round cells, and with the exception ot the 
at teries the structui cs w ere not i cmarhable 1 he arteries 
and the arterioles were edematous and the muscle nuclei 
showed the changes already described in the \aseular 
imoc\tes of the other organs 

1 he hmph node remoted from the right main bronchus 
was a caseous mass of necrotic tissue suriounded by a 
zone of fibiosis and characterized b\ the presence oi 
giant cell tubercles Nodes from the mesenterj showed 
icticulocndothclial Inperplasia of the same tjpc as that 
noted in the spleen, and a minimal amount of erythro- 
phagocj tosis 

Pathologic Diagnosis — Generalized arteritis, acute 
thromboaortitis , interstitial pneumonia, interstitial ne- 
phritis, generalized acute lymphadenitis, tuberculous 
hi onclnal ljmphademtis , chronic suppurating abscess 
of a calix of the left kidnej , calculus of the left ureter, 
mild hydronephrosis of the left kidnej, benign lijper- 
tiopliy oi the prostate gland 

C\se 3 — A 64 jear old white woman was admitted 
to the Medical College of Virginia Hospital Jan 24, 
1944 because of a psjehosis Dui mg the previous jear 
she had suffered from a persistent cutaneous rash said 
to have been caused by sensitiutv to soap, she was 
ticated foi this by numerous physicians, without success 
Because of a small burn oh the right gluteal region, 
sulfanilamide dressings were ajiplied January 29 Up 
to this date the patient was organically yvell except for 
hypertension (170 systolic and 110 diastolic) On Jan- 
uary 30 the oral tempeiature was found to ha\e risen 
to 1013 F, and sulfadiazine theiapy was consequently 
instituted, a total of 350 grains (22 5 Gm ) being ad- 
ministered during the following four days Be Feb- 
ruary 1 the oral temperature had risen to 104 F and 
ictnained at about that level until February 6, yvhen 
the drug was discontinued On February 4 a general- 
ized maculopapular rash spread over the patient’s body 
The clinical interpretation of her condition at this time 
w'as pneumonia Since the sulfadiazine therapy appeared 
to have little beneficial effect, it was discontinued , how- 
ever, the sulfanilamide dressings w'ere not but were 
applied until the patient’s death, February 8 
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On her admission to the hospital, hei unne had shown 
no abnormalities On the day of her death it contained 
albumin (2 plus), 4 to 6 leukocytes per high power 
field and many granular casts Unfoitunately, no studies 
of lenal function were undertaken except foi a deter- 
mination of the nonprotein nitrogen of the blood on 
admission 29 mg per hundred cubic centimeters The 
sulfadiazine levels on Februaiy 3 and 5 weie, respec- 
tively, 17 6 and 186 mg per hundred cubic centuneteis 
A hematologic study on February 3 revealed 3,800,000 
er> throcj tes and 12,500 leukocytes per cubic millimetei 
The differential count was 91 per cent neutrophilic 
polv morphonuclear leukocytes, 5 pei cent lymphocytes 
and 4 per cent eosinophilic leukocytes 

Gioss Examination — A maculopetechial lash covered 
the entire hod} The efflorescence was confluent on the 
backs of the hands, the elbows and the thighs A. tecent 
second degree burn, 8 cm m the longest dimension, 
was present m the light gluteal region 

The left pleui al cavitv contained 600 cc and the i lglit 
500 cc of cleai straw -coloi ed fluid 

The right and the left lung weighed lespectively 
725 and 500 Gm The pleural cavity of the right lienu- 
tliorax was largely obliterated bv fibrous adhesions 
The lung was firm and subcrepitant throughout On 
section the blood could be expressed with ease , no 
areas of consolidation were visible The left lung was 
crepitant throughout except for seveial small areas in 
the lower lobe 

Each kidney weighed 150 Gm The capsules stripped 
with difficulty, revealing scaired surfaces On bisection 
of the organs, the cortices appealed narrowed, but the 
structures were essentially not lemarkable 

1/ic ; oscopic Examination — The myocardial mteistices 
were occupied by a cellular exudate composed of mono- 
evtes some neutrophilic and eosinophilic polymorpho- 
nuclear leukocytes and histiocytic cells possessing a 
large amount of cytoplasm, some show ing active erythro- 
phagocytosis The exudate w»as particularly uch about 
vessels The myocytes were fragmented 

Numerous sections from both lungs revealed fou of 
consolidation about bronchioles The alveoli contained 
an exudate composed of neutrophilic leukocytes mono- 
evtes and basophilic nondescript debris and fibrin In 
these areas the bronclnolar epithelium was desquamated 
Two sections showed marked alveolar capillary con- 
gestion Within the septums w'ere numerous leukocytes 
similar in type and distribution to those described in 
the heart Many of the alveoli w'ere lined with fibrinous 
membranes Conglutmated thiombi filled some of the 
interalveolar capillaries 

In the kidneys there were foci of coitical fibrosis 
wheiem the glomeruli were completely fibrosed and 
hvalmized A dense round cell exudate was present m 
these areas Aside from these changes the glomeruli 
weie not remarkable however, the epithelium of the 
convoluted tubules showed cloudy swelling, fai advanced 
in some foci In these areas small collections of mono- 
evtes were present The arteries showed mtiinal fibrosis 
and thickening 

Focal cellular exudates consisting of monocytes and 
neutrophilic leukoevtes obscured the acinous structure of 
the pancreas The interstices were edematous and the 
vessels were surrounded by cellular mantles similar in 
composition to those seen in the paienchymal lobules 
The media of small arteries was thickened and the 
mv ocy tic structure obscured by fibrinoid necrosis The 
nuclei of the muscle cells were distorted and pvknotic, 
and many of the arterioles were filled with congluti- 
nated thrombi 


The hepatic poital fields weie pionnnent because of 
a heavy monocytic exudate, among which weie neutro- 
philic and eosinophilic leukocytes as well as plasmatoid 
cells In some areas the connective tissue matrix stained 
the uniform deep red of fibrinoid necrosis Occasional 
small hepatic aiteries showed changes similar to those 
seen in the pancreas (fig 7) Kupffer cells were easilv 
visualized because of wide Disse’s spaces The hepatic 
coids were intact, but cloudy swelling and fat vacuoles 
were seen throughout the organ 

The splenic follicles were hyperplastic, ail eosinophilic 
homogeneous substance was piesent in many geiminal 
centeis The pulp was congested, and numerous eosino- 
philic and ncutrophiljc leukocytes were present 

Pathologic Diagnosis — Generalized artentis, intei - 
stitial myocarditis, serous hepatitis, acute interstitial 
l ancreatilis , interstitial and focal pneumonia bilateral 
hvdiothorax fibious pleural adhesions generalized 
atherosclerosis 

Cvsr 4 —On June 6, 1944 a 53 yeai old white woman 
suddenly and without piodrome began to suffei fiom 
headache, chills and fever She was treated by her local 
physician with tablets not believed to contain any sulfon- 
amide compound Because her condition grew steadil} 
worse, a second physician was consulted He adminis- 
tered 30 grains (1 92 Gm ) of sulfathiazole in two doses 
and then, suspecting the possibility of Rocky Mountain 
spotted fevei because of the appearance of an erythema- 
tous macular rash, sent her to the Medical College of 
Vnginia Hospital On admission the patient’s tetn- 
peiatuie was 105 F The mine revealed albumin (1 plus) 
and 10 to 18 leukocytes and 100 erythrocytes pei high 
power field A blood count showed 4,200,000 eiythro- 
cytes and 18,200 leukocytes per cubic millimeter 
Although it was believed that Rocky Mountain spotted 
fever was the most plausible diagnosis, blood taken 
for agglutination tests on Januaiy 15 (nine days aftei 
the onset of the disease) was reported as showing no 
agglutinins for Proteus X-19 or X-2 or for organisms 
of the Eberthella and Salmonella groups On admission 
the patient had been given 15 giains (0 96 Gm ) of 
..ulfacetinnde (paraammobenzene sulfonylacetylimide) bv 
mouth and 60 grains (3 84 Gm ) of sulfadiazine intra- 
venously, a further dose of 15 grams (0 96 Gm) of 
sulfathiazole was administered by mouth June 12, 1944 
Because it was believed that sulfonamide compounds 
were ineffective against rickettsial diseases, their use 
was discontinued The patient showed no response to 
theiapy, and on June 14 a second blood count showed 
relative leukopenia (5,800 leukocytes per cubic milli- 
metei) On June 16 generalized edema was observed, 
the patient died in uremia on June 18 

Gioss Exanhnation — The petechial rash was present 
in the greatest concentration on the skin of the upper 
pait of the abdomen and the backs of the hands and 
was scattered ovei the remainder of the body The 
hands and feet showed pitting edema In the axillary 
and inguinal regions the lymph nodes could be readilv 
palpated Each pleural cavity contained about 100 cc 
of clear yellow fluid ’ 

The spleen was bound to the diaphragm and the 
lateral posterior abdominal wall by fine fibrous bands 
The organ’s consistency was moderately reduced, and 
on section the surface was gray-ied The parenchyma 
on section bulged and could be scraped away with ease 

The kidneys weighed, left, 275 Gm , right, 150 Gm 
When the adipose and fibrous capsules were stripped, 
pale surfaces were revealed, and a few small cysts filled 
with clear fluid were visible on the surfaces of both 
organs 
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The consistency of the liver was reduced, and on 
incision the cut surfaces were yellow-brown and greasy 
The central venules w'erc prominent, and the usual 
lobular markings were obscured 
The axillary, inguinal, para-aoitic and mesenteric 
lymph nodes w'ere enlarged, and when sectioned they 
revealed homogeneous pale brown surfaces 

Mia oscopic Examination — The myocardial fibers 
were fragmented, and the interstices w'ere characterised 
bv an exudate of histiocytic monocytes, plasma cells 


the cells about the cuitial venules The portal spaces 
were infiltrated by numerous monocytes and a few 
neutrophilic pohmorphonuclear leukocytes Eosinophilic 
homogem/alion of the walls of small arteries was visible 
in some of tbe portal fields The nuclei of the myocytes 
of these vessels showed distortion and karyorrhexis 
The hepatic terns contained many liter cells shotting 
all stages of degeneration 

The interstices of the pancreas were edematous and 
sparsely' infiltrated In monocytes The islets of Langer- 
hans were not remarkable 



Fig 7 (case 3) — Portal field of the liver infiltrated by round cells, fibrinoid necrosis of a small hepatic artery 
(X 135) c 

Fig 8 (case 4) — Chaiacteristic histiocytic interstitial myocarditis (X 540) 

Fig 9 (case 4) — Sinusoid of a lymph node filled with proliferated reticuloendothelial cells, mam arc frank 
macrophages containing ery throcytes (X 765) 


and eery r occasional neutrophilic polyunorphonuclear 
leukocytes (fig 8) The exudate was most prominent 
m the inner third of the myocardium and the zone 
adjacent to the epicardium 

The hepatic structure was disorganized by marked 
fragmentation of the trabeculae and early necrosis of 


Both kidney s presented typical intei stitial infiltrates of 
monocytes, neutrophilic poly r morphonuclear leukocctes, 
lymphocytes and plasma cells These exudates were 
thickest about glomeruli and small vessels The glo- 
merular loops contained little blood, many tufts were 
bloodless, and precipitated protein substance lay within 
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Bowman’s spaces The convoluted tubules were bright 
pink and showed marked cloudy swelling, in some 
instances the nuclei were undergoing karyorrhexis 
Many of the tubules contained hemoglobin casts, within 
which erythrocytes were still recognizable No crystals 
■were seen The perirenal and peripelvic connective and 
adipose tissues were infiltrated by inflammatory cells 
of the same type as those described in the parenchyma 
\n occasional segment of the wall of a small artery 
was converted into homogeneous fibrinoid material 
Large zones of ischemic necrosis were observed in 
the spleen Within these areas the sinusoids contained 
only erythrocytic shadows, connective tissue trabeculae 
were indistinct, and all nuclei were pyknotic or broken 
up into small particles, giving a blue cast to the necrotic 
zones In the viable regions lymphoid follicles were 
hyperplastic and showed various stages of central 
necrosis The intima of the pencil arteries was thick- 
ened and eosinophilic, and medial nuclei were under- 
going early karyorrhexis The subendothelium was 
infiltrated by monocytes, including occasional poly- 
morphonuclear leukocytes, The reticuloendothelial cells 
were prominent The sinusoids of both the medulla 
and the coretx were filled w ith large mononuclear cells, 
many showing phagocytosis of erythrocytes and leuko- 
cytes Nowhere, either leading to or *in the regions of 
necrosis, could obstruction of vessels be demonstrated 
Histologic study of lymph nodes taken from various 
sites showed a more or less uniform appearance There 
was marked reticuloendothelial Ivyperplasia, resulting in 
a filling of all the sinusoids with cells similar in all 
respects to those described in the spleen The origin 
of these cells is demonstrated by then ability to phago- 
cvtose erythrocytes, lymphocytes and a small amount 
of hemosiderin (fig 9) Lymphoid follicles were dis- 
cernible only by their hvperplastic germinal centers 
The capsules and the surrounding connective tissue were 
infiltrated by monocytes, plasmatoid cells and occasional 
polymorphonuclear leukocytes both neutrophiliG and 
eosinophilic 

Sections of sternum, rib and vertebral marrow' re- 
vealed large reticuloendothelial cells of the same type 
as those seen in both the spleen and the lymph nodes 
They showed much phagocytosis of erythrocytes and 
leukocytes No necrosis w'as seen 

The uterine myometrium was not remarkable , the 
endometrial glands were arranged in a typical prolif- 
erative pattern The small uterine arteries showed 
homogeneous eosinophilic thickening of their intima 

The stratified squamous epithelium of the esophagus 
was represented by small islands showing essentially 
the normal structure Between these areas of intact 
epithelium the surface was denuded of its lining The 
submucosa was massively infiltrated by neutrophilic 
polvmorphonuclear leukocytes, monocytes and occasional 
plasmatoid cells The small arteries throughout the 
organ were characteuzed by vacuolation of the mus- 
cularis and distortion of the nuclei, many of which 
showed early karyorrhexis Some were the site of 
typical foci of fibrinoid necrosis surrounded by mono- 
cytes, plasma cells and eosinophilic leukocvtes The 
smooth musculature of the organ showed fragmenta- 
tion and nuclear pyknosis The mediastinal connective 
tissue was edematous and infiltrated by inflammatorv 
cells of the same t'pe as those described about the 
vessels 

A. small aiea of mucosa m the ileum was absent, 
and the base of the shallow ulcer was hemorrhagic 
The small arteries showed typical fibrinoid necrosis 
and again the characteristic monocytic exudate with 


its erythrophagocytic histiocytes was prominent, some 
of the vessels were filled with conglutmated thrombi 
Numerous sections of skm taken at various sites 
through the maculas contained small artei ies' in which 
the media was vacuolated Some of the nuclei were 
absent, others were distorted and showed marked 
tinctorial abnormalities interpreted as early degenera- 
tion Some of the vessel walls weie homogeneous, 
characteristic of fibrinoid necrosis, and surrounded 
by the thin mantle of monocytes so frequently noted 
in other organs The walls of the necrotic vessels 
were likewise infiltrated by the leukocy'tes Many of 
these arteries were surrounded by extravasated ervthro- 
cytes The entire subcutaneous fat was diffusely infil- 
trated by cells of the same type, some of which showed 
phagocytic activity The dermis subjacent to the epi- 
thelium was edematous and similarly infiltrated 
Pathologic Diagnosis — Generalized arteritis, inter- 
stitial myocarditis, interstitial nephritis, serous hepa- 
titis, focal splenic necrosis (Feitis) , ulcerating esopha- 
gitis and ileitis, generalized acute lymphadenitis 

Case 5 — In this case, Dr William Branch Porter 
as consultant recognized the syndrome, and Dr James 
W Eliot submitted the material to the department of 
pathology of the Medical College of Virginia 
A 51 year old white woman was treated, May 1, 
1943, for acute pharyngitis with 45 grains (2 88 Gm ) 
of sulfadiazine daily May 3, 1943, she was admitted 
to a hospital, where the therapy was continued May 4, 
22 5 grains (144 Gm ) of sulfanilamide was given, 
followed on May 5 and 6 by 37 5 grains (2 4 Gm ) of 
the same drug About Mav 7 she “broke out over 
her chest, abdomen, back, and hips with urticarial 
wheals, one-half to one and one-half inches in diam- 
eter, white in the center and red at the periphery” 
The administration of sulfanilamide was thereupon sus- 
pended, but that of sulfadiazine was continued The 
rash disappeared within "two or three days,” and on 
May 13 treatment with sulfadiazine was also discon- 
tinued She received no sulfonamide drug for the next 
eight days, then (May 21) 90 grains of sulfanilamide 
(5 76 Gm ) and 20 cc of azosulfanude were given, the 
latter by intramuscular injection About 25 cc of 
azosulfanude was regularly admimsteied until May 31, 
when all medication with sulfonamide diugs was again 
suspended May 28, 135 grams (8 64 Gm ) of sulfanil- 
amide was given, followed by a similar dose the next 
day A disseminated rash appeared on the succeeding 
day' (May 30) accompanied by congestion of the con- 
junctivas and a mildly icteric appearance of the scleras 
Because renal function showed progressive impairment, 
with the blood urea nitrogen rising to 43 mg per 
hundred cubic centimeters, a medical consultation was 
sought The patient was seen by the consultant about 
June 1 , at that time she was still covered by a maculo- 
papular rash Although the administration of sulfon- 
amide compounds was immediately stopped and mea- 
sures taken to stimulate renal function, the patient 
died June 4 in uremia 

The heart and blocks of lung, liver, spleen and gall- 
bladder were received in formaldehvde 

Microscopic Ei animation — The myocardial fibeis 
were separated by edema, within the intei stitial spaces 
was a diffuse exudate of histiocytes and plasmatoid 
cells, whose cvtoplasm was markedlv eosinophilic 
Among these cells were some lymphocytes and 
occasional polvmorphonuclear leukocytes Phagocytosis 
of leukocytes was seen m some foci 

The parenchymal cords of the hepatic lobules were 
iragmented In the central zones, the nuclei showed 



310 


ARCHIVES OF P1IIIOLOG 3 


cai I> karvonhexis, and the cell ectoplasm contained 
numerous \acuoles Sinusoids were dilated, and KupfTei 
cells were prominent and vacuolated Dissc’s spaces 
were distended, and a moderate liuinbu of polvmoi- 
phonucleai leukocytes were scattcied tin ouifiioiit the 
sinusoids and the poital fields 

Renal convoluted tubules showed degeneiatne changes 
1 unning the gamut fiom maiked cloudv swelling to 
neciosis, the lattei being shaiplv focal, within these 
aieas the cellular outlines and nuclei could no longet 
be seen The lumens wcie filled with acidophilic ma- 
terial piobably denied from desquamated neciotic epi- 
thelium Hv aline casts weie numeious and appeircd 
in all segments of the nephions The glomciulai capil- 
lanes contained few eijthrocjtcs and then basement 
membranes wcie thickened 

The peribronchial alveoli weie filled with m exudate 
rich in monoevtes polvinoiphonticlcar leukocjtes and 
fibrin The adjacent bioncluoli contained purulent 
exudate and then walls were infiltrated In both polv- 
morphonuclear leukocvtcs and mononuclear cells 

Splenic follicles wcie not piomincnt the sinusoids 
were packed with eivthrocjtes and the endothelial 
cells weie hypoplastic 

The small aiteries in all oigans examined were 
charactei l/ed bv edema of the media and swelling ol 
the ultima Some of the muscle nuclei showed tinc- 
torial changes indicative of nucleai damage 

Pathologic Diagnosis — Interstitnl mvoeaiditis , nt- 
ciosis of renal tubules (nephrosis), seious hepatitis 
focal pneumonia 

COM Ml M 

Tn geneial the tissues m the 5 cases were 
chaiacterized hv two i elated lesions artcuai 
changes (except in case 1 ) and geneiahzcd 
celltilai exudate 

The aitenal lesions diflfeied in appearance 
yet all weie reflections of a hneai piogiession 
from simple edema (which Rich 1 " aptlv com- 
pared to the edema of a cutaneous wheal) to 
frank neciosis The nuclei of the mvocvtes 
undei went pvknosis or kaiyonhexis and a cn- 
cumferential segment of the aiterial wall lost its 
cellular detail and assumed the eosmophilia of 
fibrinoid necrosis (fig 4) I he earliest celltilai 
components of the exudate, neutioplnlic leuko- 
cytes and l)inphocytes appealed m the intima 
Theieaftei a model ate periadventitial exudate of 
lymphocytes, monocytes (some actively phago- 
cytic), plasma cells and occasional eosinophilic 
and neutioplnlic leukocytes made its appeal ance 
The surrounding connective tissue matnx of 
some vessels undei went fibi mold neci osis similar 
to that of the artenes themselves (fig 4) 
Although none of the examples of necrotizing 
vasculantis seen was quantitatively comparable 
to the typical lesion of periarteritis nodosa, the 
basic pattern was so similar that it suggested 
a difference of intensity and duiation of action 
rather than of qualitv of uritant 


The cellulai exudate invading the connective 
tissue of the skin the renal pelvis the mediasti- 
num, the gastrointestinal tiaet and othei organs 
was similai m all respects to that mantling the 
smallei arteries The most prominent compo- 
nent was a maciophagc possessing a laige amount 
of e}toplasm and displacing active phagoev tosis 
not onlv of debus where this was available 
but of whole leukocvtcs and eivtlnoevtes as 
well Jts nucleus was eccentrical!} situated and 
it sometimes lesembled (in the hemoloxvhn and 
cosin picparation) a plasma cell so closed} that 
onlv the piesence of ttansitional Upcs and the 
phenomenon of phagoev tosis made ditlerentiation 
possible 

The basic lesions of expci imenial piotein ana- 
plnlaxis have been thoioughlv investigated-' 
and the ovci w helming consensus is that the phe- 
nomenon is characterized bv hbmioid neciosis ot 
both small artenes and connective tissue and the 
piesence ol a cellulai exudate compo ed clueflv 
ol monocytes Ivmphoev tes, plasma cells and 
eosinophilic and neutrophilic leukoevtes A de- 
cided tendenc} foi the cells to ariange them- 
selves penvascularh has likewise been recorded 
and the suggestion has been lcpeatcdlv made 
that peiiartentis nodosa in man mav lepresent 
an anapli} lactic phenomenon - 1 Rich s - 1 con- 
clusions m this lespect aie the latest icaftii illa- 
tion ol this beliet 

That the artcuai lesions and the composition 
of the cellulai exudate observed m the reactions 
following administration of sulfonamide com- 
pounds aie similai in all lespect s to those of 
exjieiinient.il anaphvlaxis is appaient 

French and A ellei ,- 7 examining the licai ts 
ot patients tieated with sulfonamide drugs noted 
an intei stitial exudate containing laige niono- 
nucleai cells of the “clasmatocv tie t}pe All 
lie.nts of the piescnt series showed intei stitial 
nnoeauhtis of this t}pe The cells ot the exu- 
date weie similai to those obseived bv these two 
authois The most piomuient weie maciophages 
of the same type as those descnbed m the con- 
nective tissues Phagoc} tosis of ei}throc_vtes 
and leukocytes in the heait as seen in some of 
the cases of this senes is laiely obseived, and 
although the teun “clasmatoc} te” is geneiallv 
apjolied to cells eaj^able of phagocytosis Fiencli 
and Wellei do not lecoid its obseivation 

Intei stitial mvoeaiditis is the lesion most 
consistent^ noted m expeumental anajvh}- 

26 Artbus 2 Rich and Giegory- 1 Heinlein 22n 
Klinge- ib Vaubel 2 ' 12 Apitz 22,1 
, 27 French, A J , and Weller, C V Am T Path 
X 18 109, 1942 
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]axis 2S Claik and Kaplan 28 and Rich 18 saw 
this change in their cases of human serum sick- 
ness, and it has been lepeatedly described in 
instances of fatal reactions to sulfonamide com- 
pounds 

The presence of the lesion in all 5 cases of 
this senes is confirmation, m man, of the expen- 
mental observation that intei stitial myocaiditis 
is one ot the commoner, perhaps the most fre- 
quent, of the expiessions of geneiahzed anaphy- 
laxis 

In 4 of the cases the chaiactenstic vasculai 
lesions were leadily seen in the heart (fig 2) 
While the myocardial fibeis showed maiked de- 
generation m the aieas of gieatest cellular exu- 
dation foci of neciosis such as those descubed 
by Lederei and Rosenblatt were not encounteied 

Multiple ischemic infarction of the spleen was 
fust described by Feitis m 1921 Since then 
approximately 29 cases have been reported 30 in 
most of which the infarcts were caused by throm- 
bosis of splenic artei les Howevei , sevei al cases 
without vasculai obstiuction have been recoided 
It is believed that cases 1 and 4 belong in the 
latter category The mfaicts involved not meiely 
the follicles but the red pulp as well, and nowhere 
was occlusion of vessels demonstrable, although 
the small aitenes in case 4 showed maiked 
fibrinoid necrosis 

Explanations of this phenomenon are not easily 
formulated Enzer 31 diew a paiallel between 
Mallory’s theory of hepatic sinusoidal obsti uction 
by maciophages (by means of which Mallory 
explained the typical typhoid lesions of the hvei ) 
and the presence of numerous maci ophages 
within the penfolhculai sinusoids of the spleen 
m his case Magnus 32 who described a case of 
multiple splenic mfaiction without visible vas- 
culai occlusions, expiessed the belief that some 
toxic factor may have injured the tissue, pio- 
ducing the necrosis 

It appears significant that m 2 of 5 cases 
in this small senes the spleen showed a lesion 
which is so uncommon that up to 1938 only 
29 instances had been recorded m the literature 

Numerous authois“ 8 have leported focal fol- 
licular necrosis of the spleen and the lymph 
nodes and a similar lesion of mariow in reactions 

28 Longcope W T J Exper Med 22 793, 1915 
Heinlein 2,11 Klinge 2,1 > Vaubel 23 ^ Apitz 2 "d 

29 Clark, E, and Kaplan, B J Arch Path 24 
458, 1937 

30 Schmeisser, H C , and Harris, L C Am J 
Path 14 821, 1938 

31 Enzer, N Am J Path 2 511, 1926 

32 Magnus H A J Path & Bact 44 103, 1937 

33 Lederer and Rosenblatt 17 Meikel and Craw- 
ford ^ Rich i° 


to sulfonamide diugs Neciosis ot lymph nodes 
was observed in 2 of the cases of seium sickness 
studied by Rich 18 (cases 17250 and 12291) In 
the present senes such lesions of the lymph nodes 
weie not seen 

Phagocytosis w as most pi omment in these 
same aieas (fig 9) The reticuloendothelial 
system is laigely concentiated m the spleen, the 
1) mph nodes and the bone mariow, and since 
it gnes use to both maciophages and antibodies- 
( including opsonms which mediate phagocy- 
tosis) it is not surprising that in a state of gen- 
eiahzed hypei sensitivity, phagocytosis of cellulai 
debris should be active and leadily noted near 
foci of necrosis in these oigans 

The same phenomenon, involving wdiole eryth- 
locytes and leukocytes m distant, non-necrotic 
aieas is less easily explained To assume aibi- 
trarily that these corpuscles aie physically dam- 
aged does not appeal wai ranted Neither does 
the anthropomorphic concept of a “leticuloendo- 
thelial system gone wild” ofifei a soundei ex- 
planation Much more consonant with present 
day concepts may be the theoiy that the leuko- 
phagocytosis and the eiythiophagocytosis lepie- 
sent a foim of “foieign body reaction” in which 
the homologous blood cells are so changed by 
the addition of a substance (perhaps a conjugated 
sulfonamide group) as to lender them alien to 
the pi otein pattei n of the patient Such a change 
may conceivably conveit the eiytlnocytes oi the 
leukocytes into allergens capable of eliciting the 
pioduction of specific antibodies Dameshek, 34 
indeed, suggested that this mechanism was the 
probable method of pioduction of the “cold 
hemagglutinins” w Inch are a factoi m the hemo- 
lytic anemia that sometimes follows tieatment 
with sulfonamide compounds 

It appears that agranulocytosis and leuko- 
penia, both of which may' complicate the thera- 
peutic use of sulfonamide compounds, may l epre- 
sent the analogue of hemolytic anemia This 
concept finds support m experimental hteiature 
as well as in clinical experience Chew 35 and 
co-workers produced in guinea pigs by means of 
leukotoxic serums not merely marked leukopenia 
but definite neutiopemc states compaiable to 
agianulocytosis The antibodies causing neu- 
tiophils to disappear from the blood w r ere ob- 
tained in exactly the same mannei m which 
hemolysins are oidmanly produced by inoculat- 
ing leukocytes into an animal of a “foieign” 
species (rabbit) 

34 Dameshek, W J A M A 123 77, 1943 

35 Chew, W B , Stephens, D J , and Lawrence, 
J S J Immunol 30 301, 1936 
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Dameshek and Colmes Jl were able to icpio- 
duce agranulocytosis w ith minimal doses of 
ammopyrme (5 mg in then case 1 ) in peisons 
m whom the condition had pie\ lously developed 
during medication with aminopyime Furthet- 
moie, they obtained positive intiadeimal reactions 
to aminopyime incubated with human serum 
(conjugation) aftei failing with aqueous solu- 
tions of the pure chemical Many repoits of 
cases in which agi anuloc) tosis followed treatment 
with sulfonamide compounds " 7 demonstiate that 
m previously untieated persons the lesion ap- 
pears shoitly aftei the inception of the sindiome 
of serum sickness, when antibodies first become 
demonstrable expei imentalh 

It is certainh not inconsistent with the tacts 
to state that the concepts of direct toxic chemical 
depression of maiiow activity and “inhibition of 
maturation” 3,5 ai e at the i er\ least, open to 
objections just as grave as am that maj be 
directed against the anaphi lactic concept of 
agranulocytosis The combination of the tw'o 
factors (anaph)laxis and selective chemical tox- 
icity of the maiiow ) piesents a moie satisfacton 
approach to the pioblem of both leukopenia and 
agranulocv tosis 

In the 5 cases the livet showed little individual 
■variation In no instance was widespiead necio- 
sis such as chaiactemes acute \ellow r atrophy 
seen nor, foi that mattei, the aseptic neciobiotic 
foci said to be especial!) numeious in this oigan 
in reactions to sulfonamide compounds On the 
other hand all the changes described by Rossle 
and Eppmger “ 9 as peculiai to seious hepatitis 
w r ere demonstrable (fig 1 ) The parench) mal 
trabeculae in most cases w ei e fragmented , the 
cell cytoplasm was granulai Disse’s spaces and 
Kupffer cells were prominent Piesent within 
the sinusoids and poital fields w r as an exudate 
consisting of the same cellulai elements 
so often descnbed in othei sites Within 
some of the portal fields, small hepatic arteries 
reflected the geueiahzed vasculai ltis, and the 
connective tissue show r ecl the fibrinoid necrosis so 
typical of reactions to sulfonamide drugs 

Rossle and Eppmger in the couise of then- 
separate investigations of hepatic disease de- 
scribed what they called (hepatosis) seious hejia- 

36 Dameshek, W , and Colmes, A J Clin Inves- 
tigation 15 85, 1936 

37 Shecket, H A , and Price, A E JAMA 
112 823, 1939 Briggs, GOA Lancet 2 739, 1939 
Arrowsmith, W R , Binkley, B , and Moore, C V 
Ann Int Med 21 323, 1944 

38 Fitz-Hugh, T, Jr, and Krumbhaar E B Am 
J M Sc 188 104, 1932 

39 Rossle and Eppmger, cited bv Eppmger H Die 
Leberkranhheiten, Berlin, Julius Springer, 1937 


titis The lesion m its earliest form is similar 
to that seen in case 3 The chief morphologic 
change is the appearance of the normal!) im lsible 
Disse’s spaces, which he between the endothelium 
ot the sinusoids and the livei cells The phane- 
iosis of these spaces is said to be due to the 
cncumstance that fluid has been lost from the 
sinusoids because of increased permeabilit) ot 
then lining membiane as 111 am inflammaton 
lesion, and has accumulated within the spaces 
This interferes with the nutrition of the cells, 
and it the piocess is not ie\ersed, the liver cords 
dissociate (case 5 ) sometimes producing jaun- 
dice should the piocess continue hepatic nccio- 
sis, vai \ mg fi 0111 foci to acute \ ellow a tropin , 
maj appeal Serous hepatitis is not a pathog- 
nomonic lesion but an expression of increased 
\asculai permeabilit) , 111 this lespcct the hepatic 
changes ma\ be likened { just as the carh arterial 
lesions were) to the edematous wheal ot cuta- 
neous allerg) 

Observations on the kidnevs occup) a piom- 
inent position in the litcratuic of fatal reactions 
to sullonamide chugs since progies'me uremia 
is so ticqucnt a sjmptom In 3 cases of the 
present series the kulne\s showed tvpical focal 
mteistttial lound cell exudates avascular glo- 
meiuli, interstitial edema and maiked clouch 
swelling of the tubular epithelium In addition 
to these lesions the Induces in case 2 showed 
isolated convoluted tubules that weie neciotic 
(fig 3 ) and some sunounded be a scant neu- 
tiophihc exudate 

Multiple foci of well advanced neciosis of the 
convoluted tubules unaccompanied by interstitial 
exudate weie seen in case 5 The remaining 
epithelium was swollen, granulai and obviously 
on its wav to sharing the fate of that at the sites 
of the more advanced lesions This is the only 
unequivocal example of neplnosis m the series 
— a level sal of the usual ratio of nephrosis to 
interstitial nephritis in pievious repoits 

ICimmelstiel 10 comprehensively leviewed the 
liteiature of human interstitial nephntis One 
of his conclusions was “ interstitial 

neplnitis is legal ded as an alleigic hypereigic 
reaction to foreign piotems or protein split piod- 
ucts ” Certainh interstitial nephritis 

is a common renal lesion in experimental ana- 
phylaxis 11 

That the neplnosis so fiequently lepoited in 
reactions to sulfonamide diugs maj repiesent 
a f 01 m of hyperergia and not direct chemical 
nutation is indicated by the fact that renal 

40 Kimmelstiel, P Am J Path 14 737, 1938 

41 Longcope, W T J Expei Med 18 678 1913 
Heinlem 23a Klinge 23l> Vaubel 2-!l 


B LAC K-SCH AFTER — ANAPHYLAXIS FROM SULFONAMIDE DRUGS 


313 


involvement frequently appeals sy nchi onously 
with, 01 following, the cutaneous lash (case 5), 
eudence of antigen-antibodv leaction m other 
tissues Furthermoie, m case 5 uiemia mani- 
fested itself only during the second reaction at 
a tune w r hen it may be suinused that sensitivity 
to sulfanilamide had mci eased In many in- 
stances of nephrosis demonstiated to be due 
to therapy with a sulfonamide compound the 
amount of drug used was so small as to exclude 
as unreasonable ana explanation other than that 
of anaphylaxis 

Rackemann Longcope and Peters 42 investi- 
gated the clinical significance of the edema of 
sei um sickness and concluded that it as w ell 
as oliguria (which, they stated may piogiess to 
urinary suppiession) is due to damage of the 
kidney The nature ot the lesion w'as not inves- 
tigated 

The panel eatitis m case 3 is an unusual lesion 
Rich 20 mentioned without furthei comment a 
similar pancreatitis in a case in his series The 
cause is suggested m the focal fibrinoid necrosis 
of the small aiteries and in the identity of the 
exudate with that demonstrated at other sites 
Nonhemoirhagic interstitial pancreatitis is an 
unsolved problem , certainly the lesions in case 3 
and m the case of Rich indicate that one of the 
etiologic mechanisms may be anaphylaxis 

Rich 20 described the underlying pulmonaiy 
lesion in the same case m which the pancreatitis 
was observed as capillantis with intei alveolai 
exudation Rich and Giegory' 43 and also Pmkei- 
ton 44 elaborated on the appearance of this pe- 
culiar pneumonitis emphasizing the vasculai 
neciosis and the subsequent interalveolai infil- 
tration as well as the appeal ance of a fibnn mem- 
brane outlining the alveolai walls Wheie the 
stimulation was sufficiently powerful, necrosis 
occurred Gessler 24 noted the same lesion m 
his case 1 

The lungs m my cases 2 and 3 showed sinnlai 
lesions (fig 3) Rich and Gregory, 43 further- 
more, compared the pneumonitis which they 
observed to that encountered m 5 patients noth 
rheumatic heart disease , the processes were iden- 
tical, and since the pulmonary' lesions following 
administration of sulfonamide compounds are the 
reflection of a pulmonary anaphylactic reaction 
they concluded that this form of rheumatic pneu- 
monia w'as added evidence of the allergic nature 
of rheumatic fever 

42 Rackemann, F M , Longcope W T , and Peters 
J P Arch Int Med 18 496, 1916 

43 Rich, A R, and Gregory, J E Bull Johns 
Hopkms Hosp 73 465 1943 

44 Pinkerton H J Missouri M A 40 364, 1943 


The experimental w'ork of Cannon, Walsh and 
Marshall 43 resulted in the production of anaphy- 
lactic pneumonia, which was described as acute 
pneumonitis characterized by edema alveolitis, 
bionchitis and focal pneumonic consolidation 
Acute arteritis and phlebitis occurred at times 
and mural thrombosis w r as occasionally' encoun- 
tered 

While convincing expei imental evidence of the 
moiphologic natuie of anaphylactic pneumonia 
is lacking the evidence at hand would indicate 
that it is essentially an interstitial piocess (in- 
terstitial pneumonitis) 

In case 2 the aoita presented a unique lesion 
Acute thromboaortitis pi oduced m man m the , 
course of reactions to sulfonamide compounds 
has never been described Lehr and Antopol 4G 
did obseive medial neciosis and calcification of 
the thoiacic aorta m rats given a large single 
dose of sodium sulfadiazine Junghans (quoted 
bv Heinlem 2 " J ) examined the aortas of labbits 
sensitized to hog serum and found m each mucoid 
degeneration of the thickened Ultima which w r as 
infiltrated by monocytes up to and including 
the inneimost medial muscle fibeis 

Seegal Seegal and Jost, 4T using rabbits, pio- 
duced a local Arthus reaction within the peri- 
caidial sac They observed mtimal thickening 
and subendothehal poly morphonucleai leukocytic 
exudate of the aorta 

The thiomboaortitis in case 2 represented in 
its pattern the same type of reaction as the 
piocess seen in the smaller arteries 

Available evidence does not permit any con- 
clusions concerning the natuie of the lesion The 
suggestion is advanced, however, that m view' 
of the generalized nature of the leaction that 
sometimes follow's treatment with sulfonamide 
compounds and the fact that Junghans did demon- 
strate hyperergic aortitis m rabbits, the throm- 
boaortitis may be the result of an anaphylactic 
i eaction 

It is obvious that more questions are suggested 
than are answered by the pi ecedmg exposition , 
how ever, the protean nature of geneiahzed ana- 
phylaxis is indicated 

The sulfonamide drugs W'eie administered in 
all cases except case 2 foi some underlying 
disease, which may have contributed to the lesions 
observed This possibility should not lightly be 
brushed aside, yet numerous authors have mde- 

45 Cannon, P R , Warsh, T E , and Marshall, 
C E Am J Path 17 777, 1941 

46 Lehr, D , and Antopol, W Urol & Cutan 
Re\ 45 545, 1941 

47 Seegal D Seegal, B C, and lost, EL T 
Exper Med 55 155, 1932 
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pendently lecoided the same lesions in vaiious 
unrelated disease states in which the only com- 
mon factoi yyas the udministi ation of sulfonamide 
compounds 

The identity of the lesions.yy ith those pioduced 
m a few human subjects and man) animals b) 
known species-foi eign pioteins the knowledge 
that the sulfonamide compounds may convert 
homologous piotems into allergens and the iact 
that chaiactenstic clinical s) ndromes follow' the 
admmisti ation of the dings constitute sufficient 
evidence to justify the concept of the anapln- 
lactic natuie of the lesions descubed 

sum w \RY 

The lelatively laige number of deaths accom- 
panying the univeisal use of sulfonamide dings 
has made possible foi the fust tunc a sys- 
tematic study of piogressive fatal human ana- 
phylaxis fiom the standpoint of pathology 


The basic lesion, as m cxpeiimcntal protein 
anaphylaxis is necioti/mg fibimoid artet ltis of 
the smaller vessels I he cellular exudate is 
monocUic in comjiosition The reticuloendo- 
thelial system is hypei plastic , m the spleen the 
l)inph nodes and the manoyv the sinusoids may 
be cioyvdcd yyilh macrophages shoyymg phago- 
cytosis of ei ytlnocvtes and leukoc) les 

It is suggested that this phenomenon maj be 
the moiphologic expression of the addition ot 
some substance to the blood cells (conjugated 
sulfonamide gioup') that lenders them ‘‘foi- 
eign ’ The possibility that these homologous 
“foieign cells” may elicit the production of anti- 
bodies is suggested and may account for the 
hemolvtic anemia the leukopenia and the agran- 
ulocy tosis 

The available eyidcncc indicates it is believed, 
that the nepluosis in cases of reaction to treat- 
ment yyith sulfonamide compounds is a form of 
anaphylactic icnal reaction 



PRIMARY SYSTEMIC AMYLOIDOSIS 


STUART LINDSAY, MD, \xn 

SAN FRANCISCO 

Primal y systemic ain}loiclosis is a laie disease 
if unknown cause It cliff eis fiom the moie 
rommon secondaij amyloidosis in seveial le- 
,pects (a) the absence of specific etiologic 
actors such as tubeiculosis 01 chiomc suppuia- 
1011 , (b) the minimal deposition of amyloid m 
he liver, the spleen the kidneys and the adienal 
glands, the sites of maximum deposition m the 
>econdaiy Ope of amyloid disease, (c) the maxi- 
num deposition of amyloid m the heait, the 
ungs, the skin, the mucous membianes and 
Dther tissues not usually involved m the secon- 
:laiy type, (d) the occasional occunence of 
amyloid tumois, (c) the atvpical leactions with 
specific am) loid stains 1 
To date 39 cases of pnmaiy s)stemic amy- 
loidosis have been lecorded Koletsky and 
Stechei - collected 23 cases lepoited m the litera- 
ture'up to 1939, and added a case of then own 
Their lepoit included an extensive tabulation 
of the clinical and pathologic changes noted 
m these cases Additional lepoits published 
befoie 1939 include those of Beneke and Bon- 
mng, 3 Silwei and Lindblom, 4 Larsen, 5 Kollei, 6 
Israel, 7 Gerbei 8 and Kenvin 8 Since 1939 cases 
have been lepoited by Bmford 10 Pearson, Rice 
and Dickens, 11 Sappmgton, Davie and Homeff 12 

From the Division of Pathology, University of 
California Medical School, San Francisco, and Mills 
Memorial Hospital, San Mateo 

1 Lubarsch, O Virchows Arch f path Anat 
271 867, 1929 

2 Koletsky, S , and Stechei , R M Arch Path 
27 267, 1939 

3 Beneke, R , and Bonning, F Beitr z path 
Anat u z allg Path 44 362, 1908, cited by Larsen 5 
and by Binford 10 

4 Silwer, H , and Lindblom, A D Dcta nied 
Scandmav 64 S29, 1926 

5 Larsen, R M Am J Path 6 147, 1930 

6 Roller, F Schweiz med Wchnschr 13 522, 
1932 

/ Israel, I Km Fall von lokalen Amvloid, Med 
Dissert, Tubingen, Bochum-Langendreer, 1933, cited 
b\ Koletski and Steelier and by Spain and Barrett 20 

8 Gerber, I E Arch Path 17 620, 1934 

9 Kern in, A J J Lab & Clin Med 22 255, 
1936 

10 Binford C H Arch Path 29 314, 1940 

31 Pearson, B , Rice, M M , and Dickens, K LaV 
Mch Path 32 1, 1941 


WILLIAM F ICNORP, M D - 

S tN MATKO, C4.LII- 

and Dillon and Evans 13 These additional cases, 
tosrethei with out own case aie summarized m 
the accompan)ing table 

The additional example of pi unary systemic 
am)loidosis which we recoid presented an un- 
usual combination of pathologic changes The 
diagnosis was not made until attei death although 
biopsy specimens from the external eat and the 
nasal mucosa both contained uniecogmzed de- 
posits of amyloid 

REPORT. Or V C \SE 

P B, a 56 \eai old Frenchman entered the Mills 
Memorial Hospital in San Mateo, Calif, Oct 9, 1936, 
complaining of redness, swelling and pam over the 
right thenar eminence following a superficial abrasion 
of the skin An abscess was incised and drained, with 
the patient under general anesthesia His temperature 
on entiy was 104 F It promptlv returned to normal 
after the operation The postopei ative couise was 
uneventful 

He entered the hospital again on Jan 22, 1941, with 
a three day history of pam in and purulent diainage 
from the right ear Sagging of the posteuor wall of 
the right external acoustic meatus and perforation of 
the right tympanic membrane weie noted A roent- 
genogram showed mastoiditis on the right side 

At this time the hemoglobin was 90 per cent (13 05 
Gin ) , the red cell count 4,080,000 and the white cell 
count 17,450, with polymorphonuclear leukoevtes 40 per 
cent (nonsegmented 4 per cent), hniphocytes 59 per cent 
and monocytes 1 per cent The mine was normal Jan- 
uary 24 the white blood cell count was 12,900, with 
polvmorphonuclear leukocytes 37 per cent (7 pei cent 
nonsegmented), large l>mphocytes 3 per cent, small 
lymphocytes 58 per cent and monoevtes 2 per cent 
Mastoidectomy was done on the right side and a 
large amount of purulent material and necrotic mastoid 
cells were encountered His postopei ative couise was 
uneventful and afrebrile He was given sulfatluazole, 
7 Gm the first twenty-four hours and 4 Gm everj 
tw'enty-four hours for the next three days The eusta- 
chian tubes were inflated on several occasions during 
the next two months 

The patient again entered the clinic, Jan 19, 1942, 
wuth the complaints of ( a ) pam in the thoracic part of 
the spine, aggravated by movement coughing or jar- 
nn g, G) loss of 15 pounds (6 5 Kg ) , (c) bilateral 
nasal obstruction, ( d ) nasal bleeding of about 500 cc 
per month and ( e ) epigastric pain beginning two hours 
after meals and relieved by alkalis taken before and 

12 Sappmgton S W , Davie, J H , and Horneff, 
J A J Lab & Clin Med 27 SS2, 1942 

13 Dillon, J A , and Evans, L R Ann Int Died 
17 722, 1942 
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after eating These sy mptoms had been noted for 
approximately one year He had been unable to con- 
tinue his occupation as a carpenter because of tbe pain 
in his back His family and past history weie not 
significant, though he stated he had nevei felt well 
since the infection of the hand five vears before 
The patient was a 60 year old man, weighing 134 
pounds (60 5 Kg ) His temperature was 98 4 F , his 
pulse rate, 74 A perforation of the anterior portion 
of the nasal cartilage was surrounded bv abundant, 
soft pale, pink polypoid tissue, which was producing 
bilateial nasal obstruction The mouth the tongue, 
the pharynx and the larynx were normal The jaws 
were edentulous On the superior surface of the helix 
of each ear was an irregularly outlined moist red 
eczematous lesion, 1 cm in diameter The nasal and 
aural lesions were submitted to biopsy and will be 
described on later pages The external lvmph nodes 
and the thyroid gland w r ere not enlaiged There was 
marked thoracic kvphosis centering between the third 
and fifth dorsal vertebrae The anteuoi -posterior and 
transverse diameters of the chest were equal 
The diaphragms moved well The lung fields were 
clear The heart was normal in size, the rhvthm 
was regular, and the sounds were of good qualitv 
no murmurs were heard The blood pressure was 130 
svstolic and 80 diastolic The abdomen, the rectum 
and the genitalia mealed nothing significant Narrow 
dark pink longitudinal striations were seen beneath the 
nails of the fingers and the toes The urine was 
normal The Kline test was negative Analysis of 

the gastric content gave values within normal limits 
Roentgen examination showed a large ulcer on the 
uppei lesser curvatuie of the stomach By fluoroscopv 
no peristaltic waves were noted in the gastric wall m 
the region of the ulcer There was moderate diffuse 
osteoporosis of the thorax and the pelvis with accentua- 
tion of the trabecular markings The thoracic verte- 
bral bodies were narrowed anteriorly, leading to marked 
dorsal kyphosis There was considerable thickening of 
the anterior intervertebral margins of these bodies 

Alter three weeks on a dietary regimen th» patient 
was greatly relieved subjectively The gastric ulcei 
was one quarter of the former size m >ubsequent 
roentgenograms 

At this time, however, the patient first complained 
of oppressive substernal pain with radiation down both 
arms The occurrence of numerous similar attacks in 
the past was brought out by further questioning The 
pain occurred during the day' and was associated with 
considerable orthopnea and dyspnea An electi ocardio- 
gram on April 1, 1942 showed a rate of 60 per minute, 
regular rhvthm, upright P waves, a normal PR interval 
slightly slurred QRS, slightly high ST segments in I 
and II, essentially flat ones in III and IV and upright T 
waves This was intei preted as minimal evidence of 
myocardial damage 

On April 13 he entered the hospital complaining of 
pam in the left side of the chest, increased with respi- 
ration and associated with an elevated temperature, 
malaise, cough and hemoptysis of a week’s duration 
Examination showed an ill elderly' man, coughing at 
intervals and expectorating blood-streaked sputum 
His temperature was 102 F The nasal mucosa showed 
the same changes that were noted previously There 
"as redness of the pharynx The lymph nodes were 
not enlarged Dulness and diminished breath sounds 
were present over the lower lobe of the left lung 
Coarse rhonclu were heard posteriorly over the lower 
lobe of the right lung The heart was centrally placed 


and normal in size, the rhythm was regulai, and the 
rate was 95 

A roentgenogram showed an area of infiltration in 
the lower half of the lower lobe of the left lung The 
hronchovesicular markings weie slightly accentuated 

The urine contained the lamtest possible trace of 
albumin The white blood cell count was 25,800, with 
polymorphonuclears 47 per cent (12 per cent nonseg- 
mented) lymphocytes 50 per cent and monocytes 3 per 
cent A diagnosis of acute bronchitis with broncho- 
pneumonia and atelectasis of the lower lobe of the left 
lung was made Sulfathiazole was administered, 1 Gm 
every four hours for four days and 1 Gm every eight 
hours foi fom day's His temperature leturned to 
normal on the third day after entry, and except foi 
a rise to 100 F on the sixth day', lemained normal 
thereafter During his hospital stay he had frequent 
attacks ot intense boring substernal pain, not aggra- 
vated bv movement but relieved bv glyceryl trinitrate 
On seveial occasions the urine showed a faint trace of 
albumin and numerous sulfathiazole crystals The white 
blood cell count gradually decreased to 8,500, with 
polv morphonuclears 31 per cent (2 per cent nonseg- 
mented), lymphoevtes 65 per cent/ and monoevtes 4 per 
cent His red blood cell count remained low (3,200,000), 
with hemoglobin 78 per cent He remained in the 
hospital for twentv-eight davs 

He again entered the clinic, Mav 17, 1942, with a 
history' of nausea, vomiting and diairhea of three days 
duration He had lost weight and was obviously ill 
Theie were no othei significant physical findings The 
hemoglobin at this time was 60 pei cent, but there 
was no blood in his stools Rest m bed and continua- 
tion ot the dietary regimen were advised 

By June 2 he had been relieved of his abdominal 
distress, though he still had an occasional episode of 
radiating pam in the chest These attacks occurred 
particularly' at night but also followed exertion during 
the day The general condition appeared to be lm- 
prov ed , the weight had increased, the heai t and the 
lungs were normal and the blood pressure was 140 
systolic and 85 diastolic 

On July 8 he stated that his gastric distress had 
lecurred but that the episodes of thoracic pam had 
diminished in seventy 

On August 10 marked malaise and dyspnea devel- 
oped The skin had a yellowish tinge, and enlarged 
bilateral cervical lymph nodes were palpable Moist 
rales were heard in both lungs The apical beat was 
felt in the left fifth intercostal space A systolic mur- 
mur was heard over the entire precordium but was 
heard best at the apex An occasional ectopic beat 
was noted The right upper quadrant of the abdomen 
was tender The edge of the liver was felt 6 to 7 cm 
below the right costal margin The spleen was en- 
larged to I cm below the left costal margin Because 
his condition did not improve at home, he was advised 
to enter the hospital 

On his last entry, August 15, his condition was un- 
changed His pulse was thready and irregular, with 
a rate of 120 His respiratory rate was between 32 
and 36 He was expectoi ating sanguineous yellowish 
sputum The tongue was dry and coated Fine moist 
rales were heard in both lungs The apical beat was 
felt in the left fifth intercostal space, outside the lett 
sternoclavicular line A systolic murmur was heard 
at the apex over the aortic area His temperature 
was 101 F on entry' and remained above 100 F during 
his stav m the hospital There was no response to 
digitalis nickethamide or digifolm oi to sedatives Death 
occurred thirty -six hours after entrv 
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Autopsy (fhe hours after death) — The lesions ot 
the eais and the nails of the fingers and the toes 
appeared as before death External examination re- 
vealed no other significant abnormality 

The heart weighed 550 Gm Its left border ex- 
tended 11 cm to the left of the nndlinc and its right 
border 5 cm to the right of the nndline The anterior 
suiface of the left ventnclc had a dark, congested, 
mottled appeal ance though the cpicardium was intact 
All the chambeis of the heait weie dilated The left 
ventricle had a globular outline The left ventricular 
wall averaged 1 cm in thickness, and its anterior 
portion showed a diffuse congested mottling with small 
vellovvish opaque ^ones of earlv necrosis Elsewhere 
the myocardium was normal The right vcntnculai 
wall averaged 0 5 cm in thickness The valves mea- 
sured as follows aoitic, 8 cm , mitral, 11 cm tri- 
cuspid, 12 cm, pulmonarv 9 cm 

All the valves and much of the endocardium in all 
the chambers of the heait showed a remarkable altera- 
tion (figs 1 and 2) Covering a large part of the 
valve surfaces and extending onto the chordae tendm- 
eae and adjacent endocardial sui faces were elevated 
confluent nodular masses of smooth glistening, trans- 
lucent vellovvish white, soft amvloid matcnal On the 
left side of the heart this material was most abundant 
on the under surface of the aortic leaflet of the mitral 
valve and extended upward beneath and onto the aortic 
cusps (fig 1) On the latter most of the deposition 
was along the fiee edges and in the comnnssuics In 
addition, the aortic cusps were thickened, fibrous and 
moderately rigid and contained >ellow atheiomatous 
deposits in their deeper portions Smaller nodules and de- 
posits of sinulai translucent material were piesent 
throughout the left ventricular chamber, projecting 
from the endocardium Both small and large endo- 
cardial plaques weie present in the left auricle On 
the right side of the heart the valvular ilteration 
was even more extensive Both on the tricuspid 
and on the pulmonarv valve (fig 2) the translucent 
deposits were more elevated and more noduhr and 
covered more of the valvular surfaces Deposits on 
the chordae tendineae had marked nodulai it} In 
these situations the fibrous structure of the chordae 
tendineae was visible through the ov erlv ing translu- 
cent amyloid lajer This material extended distallv 
from both the aortic and the pulmonarv valve to 
involve the ultima of the aorta and that of the pul- 
monary arterv (fig 3) The involvement of the latter 
was greater There were small nodulai amvloid deposits 
in the endocardium of the right auricle and ventricle 
There was marked atherosclerosis of the right and 
left coronary arteries with narrowing of the lumen 
of each vessel Complete obstruction could not be 
demonstrated 

Atherosclei osis of the aorta with ulceration and cal- 
cification was most marked in the arch and in the 
abdominal portion In addition there was extensive 
intimal deposition of glistening pale gelatinous material 
in all portions of the aorta The vena cava was normal 

The pericardial cavity was normal There was 
1,500 cc of cleai vellow fluid in the right pleural 
cavity, 500 cc of similar fluid in the left pleural cavity 
and 1,500 cc in the abdominal cavity 

The larjnx, the thyroid gland, the trache i and the 
bronchi were not altered The extensive confluent 
nodular intimal deposits in the pulmonary artery ex- 
tended well down into the smaller branches of the 
pulmonarj artery Both lungs were congested and 
moderately edematous In each lower lobe were sev- 


eial small triangular-shaped dark red firm subplcural 
infarcts 

A he In ei weighed 2,200 Gm and extended 4 cm 
below the xqihoid ptocess and the light costal margin 
The anterior edges were rounded The parenclnma 
was pale with marked central eongestion The gall 
bladder wall was edematous The spleen was enlarged 
ind weighed 080 Gm The pulp was soft, hvperplastic 
and light purple 

The adrenal glands the kidnevs the renal pelves 
the ureters, the bladder, the prostate gland and the 
testes were noimal 

The gastroenteric tiact was normal except for the 
stomach On the lesser curvature, 4 cm from the 
cardioesoph igeal junction, was i large ulcer measur- 
ing 4 b\ 5 cm in diameter (fig 4) Its edges were 
elevated, sloping and indurated \bundant glistening 
vellovvish white soft gelatinous amvloid material lined 
the crater Pei foration had occurred, extending 
thiough almost the entire wall The serosal suriace 
was seai red and contiactcd 

\ group of enlarged aim loid-conlaining Ivmph nodes 
loimmg a mass measuring 12 cm m diameter lav 
just above the head ot the pancreas (fig 5) Strong 
solution of iodine U S P stained the amvloid mate- 
rial m these nodes light brown Similar but smaller 
nodes lav along the lesser curvature of the stomach 
and along the abdominal portion of the aorta 
The mesenterv ot the small bowel was thickened 
ind its surface mottled and congested Tending to 
surround the mesenteric Ivmph nodes were rounded 
7oncs of opaque, vellovvish white tat necrosis The 
larger mesenteric arteries had small intimal deposits 
of pale, translucent amvloid material 
The marrow space of the medi d portion of the 
clavicle consisted cntirelv of amvloid material 

The spine and the cranial cavitv were not examined 
After sever ll davs’ fixation m a solution of formal- 
deln de the amvloid matcnal m all the tissues under- 
went considerable shrinkage and took on a brownish 
purple color but retained its glistening translucent 
characteristics 

1 Iictouopic Dcsuiption — The pericuchal fat con- 
tuned man} small collections oi lvmphocvtes, plasma 
cells and large mononuclear cells There was consid- 
erable interstitial mvocardial edema Some groups ot 
mvocardial fibers had been replaced bv a cellular 
fibrous tissue, while other gioups within the left ven- 
tricle were necrotic and surrounded bv neutrophilic 
leukoevtes The endothelium of the ventricles and 
valves was intact The subendothelial laver was wid- 
ened, contained an unusuallv rich network of reticulum 
fibers and consisted of eosinophilic amorphous homo- 
geneous material in which there were scattered com- 
pressed fibroevtes The connective tissue fibers 
demonstrated with the Mallorv and I aidlaw connective 
tissue stains, sepaiated the amvloid into irregular 
rounded masses There were no mvocardial or peri- 
cardial amyloid deposits 

All the heart valves presented an identical histo- 
logic appearance (fig 7) Lving between the intact 
endothelium and the central fibrous portion of the 
valve was a wide layer of eosinophilic amorphous 
homogeneous am}loid matcnal containing scattered 
compressed fibrocytes As in the endocardium, this 
material was well supplied with reticulum and collagen 
fibers There was no inci eased vascularit} of the 
valves A minimal lymphoc}tic infiltration was present 
in the deeper areas The distal portions showed more 
extensive deposits than the pioxnnal poitions The 
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Fig 1' — Left ventricle showing deposits of amvloid m the aortic and mitral valves, X 06 

Fig 2 — Pulmonarv valve with extensive deposits of amyloid, \06 

Fig 3 — Pulmonarv arteiv showing extensive deposits of amvloid in the intima, X 1 1 

Fig 4 — Gastric ulcer with amvloid material visible m the crater of the ulcer , X 1 

Fig 5 — Peripancreatic lvmph nodes with extensive deposits of am>loid X 07 

Fig 6 — Small testicular arteries with amyloid infiltration, hematoxjhn and eosin stain, X 120 

Fig 7 — Subendothehal amvloid infiltration of a cardiac valve hematoxvhn and eosin stain, x 120 
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small myocardial arteries were not altered The large 
coronary arteries showed extensive mtimal atheroscle- 
rosis with marked narrowing of the lumens Con- 
tributing in a small degree to this narrowing were 
subendothehal deposits of am} loid material There 
was no thrombosis 

The pulmonarj arteiv and its blanches showed be- 
tween the endothelium and the media a wide zone of 
deposition of amvloid This contained a few' com- 
pressed fibrocvtcs and small collections of hmphocjtes 
The lumens of the imohed smaller vessels were nar- 
rowed The smallest pulmonary aitencs were not 
altered The aheolar walls weie fibrous and congested 
The alveolar spaces contained serous fluid, fihun and 
pigment-contaming macrophages There was no inflam- 
matory reaction and no deposition of aimloid Zones 
of early hemorrhagic infarction wcie present m the 
lower lobes 

The hepatic sinusoids were wide but contained few 
red blood cells The parenchymal cells were com- 
pressed, and man} contained small lipid globules \ 
lew groups of cential cells were undergoing necrosis 
Occasional small deposits of amvloid were present in 
portal spaces There was marked edema of the gall- 
bladder wall 

The spleen contained numerous large malpighian tol- 
licles The pulp was cellular and consisted almost 
entirel} of h mphoc\ tes and reticuloendothelial cells 
Neutrophilic leukoev tes were piescnt in moderate num- 
bers Deposits ot amvloid were seen m about one 
half of the central arterioles The} were most abun- 
dant beneath the endothelium and ill the adventitia 
Smaller deposits of annloid were noted beneath the 
splenic capsule 

There was subendothehal am}loid mfiltiation m the 
large and the small pancreatic arteries Beneath the 
am}loid la}er weie large atheromatous deposits The 
pancreatic parenclnma was not altered except for an 
occasional small ani}loid mass in the interstitial tissues 
with no apparent relation to blood \esscls 

The renal parench}ma was not significant iltercd 
except for small deposits of am}loid in a few afferent 
arterioles 

The bladder and the prostate gland were not altered 

In the testes were many altered blood vessels con- 
sisting of an inner layer of endothelium, a wide zone 
of am}loid material and a thin ad\ entitial la\cr 
(fig 6) A moderate degree of spcimatogenesis was 
noted, and the interstitial cells were normal 

All the lymph nodes examined contained deposits of 
am} loid These were particularly extensiv e in the 
peripancreatic group of nodes, where little l}inpbatic 
tissue remained The amyloid material was present 
as rounded concentric masses separated b} narrow clefts 
containing compressed fibrocytes and small lymphoc}tic 
collections In nodes with less lnvohement the amy- 
loid lay adjacent to the endothelium of blood -vessels 
and sinusoids, particularly those of the subcapsular 
group 

The small and the large bowel weie normal The 
gastric mucosa w r as thin and atrophic The few re- 
maining gastric glands were irregularly arranged and 
were separated by man} lymphocytic collections and 
masses of amyloid material At the edge of the gastric 
ulcer the mucosa was thicker but still retained its 
disorganized structure There was no epithelium m 
the crater of the ulcer The gastric wall beneath was 
extensively infiltrated with amyloid material This lav 
m the interstitial tissue, compressed the muscular la}ers, 
was deposited m the arterial wralls and was accom- 
panied b} many lymphocytic collections 


Groups of fat cells in the mesentcr} of the small 
bowel were necrotic These were surrounded by hpid- 
contauung macrophages and l}mphocytcs 

Small interstitial deposits of ani}loid weie present 
in the adrenal cortices 

At various levels the aorta had esstntialh the same 
histologic appearance The mtima was irregular]} 
widened b} subendothehal am}loid infiltration The 
atheromatous lesions present were between the annloid 
hvei and the media There were a few hmphoc}tcs 
around the \asa vasorum 

The acini of the th}roid gland were uniform m si/e 
I he central colloid stained more deeph than that at 
the pcripher} In the interstitial tissue were small 
lwnphocUic collections, small groups of lipid-containing 
macrophages and an occasional foreign bod\ cell No 
amvloid was encountered 

I he trabeculae in the clavicular marrow were widelv 
sepaiatcd The marrow spaces were almost cntirelv 
occupied In eosinophilic homogeneous annloid material 
I'cw mvelocUic and ervthrocvtic elements were present 
Megalokar}ocvtes and plasma cells were absent 

T he biopsv specimens from the ear ind the nose 
were reexamined after the patient’s death In both 
there was extensive deposition of imvloid m the sub- 
epithelial tissues 

\t those cites where the annloid material was abun- 
dant, it was deposited as rounded concentric masses 
separated bv compressed fibrocUes, and contained a 
dense network of reticulum and collagen fibers In the 
large arteries the cardiac valves and the endocardium 
a uniform relationship to the endothelium could be 
established In the small vessels, primarih arterial 
the material left no residual mural tissue and led to 
marked narrowing of the lumens 

V few stnill arteries showed anothei t}pc ot altera- 
tion These vessels contained no deposits of am}loid 
but showed distinct edema of the vessel wall with 
separation of the muscular and the connective tissue 
elements and exfoliation of the endothelium 

Observations with Special Staining Methods — Tis- 
sues prepared with congo red, crvstal violet and Mavers 
iodine stains gave variable results when compared with 
control tissues presenting secondan amyloidosis In 
general, the amyloid material stained less deeph and 
distinctly than that in secondai} amvloidosis with all 
these stains Of these, the congo red stained the amv- 
loid more deeph There was considerable variation 
in staining intensity with the same stains in different 
tissues The annloid material appealed a brilliant red 
with the Malloiy stain, though in the blood vessels the 
■mi} loid matciial at the peripherv had an orange coloi 
The Laidlavv connective tissue stain demonstrated a 
fine reticulum network m the amvloid deposits This 
was not appaient with the routine hematoxvlin and 
cosin stain 

Pathologic Diagnosis — Primary s}stenuc amvloklosi', 
with involvement of the endocardium and the caidiac 
valves, the pulmonar} artei y and its branches, with 
multiple pulmonary infarcts, the aoita, the gastric 
mucosa, with atrophic gastritis and chronic gastric 
ulcer , the 1} mph nodes , the bone marrow , the arteries 
and arterioles of the pancreas, the spleen, the kidnevs 
the testes and the stomach , the adrenal glands , the 
liver, the spleen, the pancreas, the skin of the ears, 
and the nasal mucosa Generalized arteriosclerosis with 
aoitic and aortic valvular atherosclerosis and coronar} 
atheroscleiosis followed by m}ocardial infarction of 
the left ventricle with mvocardial failure, producing 
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pulmonary congestion, bilateral hydrothorax, hepatic 
congestion and ascites Fat necrosis of the mesentery 
of the small bowel 

COMMENT 

Reimann Kouck), and Eklund 14 have pio- 
posed a simple clinicopathologic classification of 
amyloid disease primary amyloidosis, secondar) 
amyloidosis, tumor-forming amyloidosis and amy- 
loidosis associated with multiple myeloma 
The primat y form is characterized by (a) 
involvement of tire mesodeimal tissues, the cai- 
diovasculai system, the gastroentenc tiact the 
smooth and the striated muscle and the lymph 
nodes, (b) little or no involvement of those 
tissues usually containing deposits of amj loid 
m the secondary form, (c) foimation of nodular 
masses of amyloid, (d) deposition of amyloid 
that shows atypical staining reactions and (c) 
absence of preceding infection 15 

The secondary form is the most common 
follows chronic suppurative disease, is charac- 
tenzed by deposits of amyloid that give a typical 
reaction to amyloid stains and extensively m- 
rolves the liver, the spleen, the kidneys and the 
adrenal glands 

Tumor-forming amyloidosis belongs to the 
primar) type but is clrai acterized by solitaiy or 
multiple amyloid tumors in the lespiratory tract 
and othei situations 10 

Amyloidosis occurnng with multiple myeloma 
is characterized by a distribution similai to that 
seen m the primary type, though laige deposits 
may be found in the joints and elsewhere 17 
As more cases of all ttpes are lecorded, it 
is appaient that the characteristics ot each type 
merge considerably 18 In addition the cases 
recorded b) Budd 10 and Spain and Barrett 20 
presented a mesodermal distribution of amyloid 
characteristic of the primary type though the 
disease occurred secondary to chionic suppura- 
tion In other cases in which theie w'as a meso- 
dermal distribution, the supposed pi unary m- 
flammatorj pi ocess may have been coincidental 21 

14 Reimann, H A , Koucky, R F, and Eklund, 
C 111 Am J Path 11 977, 1935 

15 Strauss, A Virchows Arch f path Anat 291 
219, 1933 cited bj Reimann, Kouck} and Eklund 14 
Lubarsch 1 

16 Von Eonsdorff, B Finska lak-salsk liandl 75 
447 1933, abstracted, JAM A 101 489, 1933, cited 
b\ Reimann Kouck} and Eklund 14 

17 Magnus-Lev} , A Ztschr f him Med 126 62, 
1933 cited b} Reimann, Kouck\ and Eklund 14 

IS Ivoletskv and Steelier 2 Reimann and others 14 

19 Budd, J W Am T Path 10 299, 1934 

20 Spam, D M , and Barrett, R C Arch Path 
38 203, 1944 

21 Komgstem, H Arch f Dermat u S}ph 148 
330 1925 cited b} Koletsk\ , and Stecher 2 Israel 7 


The sepat ation of primary isolated amyloidosis 
and primary systemic amyloidosis seems arti- 
ficial While the bulk of the amyloid material 
may be present in one or two organs, deposits 
are almost invariably found in other tissues 
The origufc of amyloid material m both the 
pnmary and the secondaty form of amjloidosis 
i emains obscure Hass and Schulz 22 and Hass 23 
have shown that amyloid is composed of two 
pi otem fractions and one polysaccharide fraction 
It has been suggested that the deposition of 
amyloid may be the result of a leaction between 
a component of the serum globulin and fixed 
tissue elements m the vasculai walls, i e , an 
antigen-antibody leaction 2 Amyloid material 
then may be a precipitate resulting from this 
union Presumably this leaction occuis m or 
on vascular lining cells 21 Moreover, the rela- 
tion of amyloid to vascular endothelium is par- 
ticularly sti iking both in the piimarj 3 and m 
the secondary form of the disease Because of 
the overlapping of the foui general types of 
amyloid disease, it is possible that m the futuie 
hypersensitivity states other than bacteiial may 
be implicated in the so-called prnnan type 
Sensitivity to drugs or foods may be responsible 

The valvular and endocardial deposits m this 
case were extensive, particulaily on the right 
side of the heait The resulting thickening and 
ngidity undoubtedly contributed m part at least 
to the caidiac failuie While there w r ere small 
endothelial deposits of anrjloid m the mam 
coronary aitenes, the nai rowing of these ves- 
sels and the subsequent myocardial infarction 
w^ere the result of atherosclerosis Although the 
heart has been the site of deposition of amyloid 
m most of the cases repoi ted 2 valvulai involve- 
ment is usually slight In the cases described 
by Wild , 25 Koletsky and Stechei 2 Silwer and 
Lindblom , 4 Isiael ‘ and Koller , 6 however, con- 
siderable deposition of amyloid had occuired 
m the cardiac valves 

The amyloid piesent m the aorta and the 
pulmonary aiteiy had the same subendothehal 
distribution as that in the heart Where aoitic 
atheromatous lesions w r ei e encountered these 
lay beneath the amyloid deposits In Larsen’s 3 
case the aortic amyloid had a medial distribu- 
tion, w’hile in the second case descubed by Pear- 
son, Rice and Dickens 11 the adventitia w'as the 
site of maximum deposition 

22 Hass, G, and Schulz B Z Arch Path 30 
240, 1940 

23 Hass, G Arch Path 34 92, 1942 

24 Cannon, P R , ,Walsh, T E , and Marshall 
C E Am J Path 16 6S2, 1940 

25 ^ Wild, C Beitr z path Anat u z allg Path. 
1 177 1886, cited by Koletsh} and Stccher 2 
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One ot the patients complaints was seveie 
pam of the hack Nan owing of the thoiacic 
veitehial bodies with resulting kyphosis W'as 
piobabh due to deposition of amyloid in the 
veitehial manow The claviculai maiiou w r as 
almost entirely leplaced by amyloid matcnal 
While othei poitions of the skeleton weie not 
examined, moie widespiead mvohement was 
likely The anemia and peisistent mild lelatne 
leukopenia may have been 1 elated to lcplace- 
ment of manow 

Imolvement ot the skin was show'll in S of 
the 24 cases collected In Koletsky and Stechei - 
The skin w'as imohed in a case in Peaisons 11 
senes, and m the cases desoiibed b}' Israel 7 and 
Sappmgton and co-woikeis 1 * The cutaneous 
lesions are usually nodulai oi papulai and lie- 
quentlv aie w r a\v and tianslucent At times they 
lesemble scleiodeima In this case the lesions 
m the skin weie confined to the uppei sin faces 
of the external eais Facli w'as of the weeping 
eczematous type The atmloid was not lccog- 
ni7ed in the biopsy pnoi to the autopsx, though 
the bizarie lustoiy and the objectne findings 
suggested that the auial lesion may ha\e been 
one manitestation of a diffuse process The 
nasal amyloid had an identical subepithehal chs- 
tubution The longtitudmal stnations beneath 
the nails of the lingers and the toes w r eic not 
examined lnstologicalh but undoubtedh weie 
amyloid in natuie 

Amyloid mvohement of the oial mucosa the 
tongue, the phaiynx and the larynx has been 
described fiequently - In this case the amyloid 

26 Mandl, J Virchows Arch f path Amt 253 
639, 1924, cited b\ Koletskj and Stechei - Geiber s 


uifiltiation of the nasal mucosa led to licmor- 
lhage, septal pciforation and bilateial nasal 
obsti uction 

The gastiocntciic involvement was hunted to 
the stomach Tlieie was lesultmg mucosal 
atrophy' of the entire oigan The extensile 
deposition of amyloid in and adjacent to the 
gastnc ulcei indicates an amyloid basis for the 
ulceiation In a case in Lubaischs 1 senes 
annloid disease of the stomach was accompanied 
by a number of ptlonc ulcei s pi esumably due 
to deposition of amyloid 

Abundant aim loid infiltiation within the pci l- 
pancicatic group of lymph nodes pioduced an 
aim loid tumoi 1 his again demonstrated the 
meiging ot the chaiactci istics of the lom t\pes 
ot aim loid disease 

SUM M \KS 

Foity cases of piimaie sestenuc aimloidosis 
hate now been lccoided in tbe htcratuie 

In the case ot pitman sestemic amyloidosis 
lecorded tn this papei the illness was present 
foi twenty months 'I hue was extensile m- 
eohement of the endocardium and of all the 
cauhac vahes most marked on the tncuspid 
and pulmomu y \al\cs Abundant aim loid ma- 
ternal was also deposited in the skm the nasal 
mucosa the pulmonary aileries the aorta the 
hmph nodes the stomach and the manow Less 
maikccl infiltiation was present in the achenal 
glands, the lnu the spleen, the panel eas and 
the artei ics and ai tei loles ot the stomach the 
panel eas, the spleen the kiclnccs and the testes 
Death resulted trom lmocauhal infarction secon- 
daiy to cotonan atheioscleiosis 


PROLIFERATION OF MUSCLE CELLS IN THE MYOMETRIUM 
OF THE NONPREGNANT UTERUS 


PHILIP H HARTZ, MD 
Pathologist of the Public Health Service 

CURASAO, NETHERLANDS WEST INDIES 


The question w hethei completely differentiated 
unstriated muscle cells retain the ability to divide 
b} mitosis is still being discussed Maximow and 
Bloom , 1 though admitting that mitosis may occur, 
expressed the belief that the capacity for legen- 
eiation is small Stieve 2 never observed mitotic 
division m the muscle cells of the pregnant uterus, 
and Meyer 3 stated that it is “a generally accepted 
fact that mitoses do not occur m fully developed 
muscle cells with myofibrils ” 

In an article on the mitotic activity in utenne 
leiomyoma Haitz and Hugenholtz 4 demonstrated 
that mitosis is common in the muscle cells com- 
posing tumors of that type and occurs m fully 
differentiated cells with distinct myofibrils As 
the stigma of tumor cells remains attached to 
the cells of myoma and as they cannot be con- 
sidered as absolutely normal muscle cells, it is 
logical to extend the search for mitosis of muscle 
cells to uten with hypertrophy of the myome- 
trium, with use of the histologic methods suit- 
able foi the presentation of the finer details of 
the muscle cells and the mitotic figures 4 That 
such proliferation of the muscle cells in mvo- 
metrial hypertrophy occurs is shown m the case 
which I shall now describe 

REPORT or A CASE 

A Negro woman, 41 years old, gave the following 
history One day before the expected date of menstru- 
ation (April 21, 1944) the flow had started and had 
been much stronger than usual The menstruation 
had always been regular and normal She had had 
two normal deliveries, the last one sixteen years before, 
after the birth of the second child, but many years 
ago, she had had a miscarriage Appendectomy had 
been performed one \ear previously On the clinical 

1 Maximow, A A, and Bloom, W A Textbook 
of Histology, ed 4, Philadelphia W B Saunders Com- 
panv, 1942, p 161 

2 Stieve, H , cited by Mey er 3 

3 Me\ er, R Uterus und Tuben, in Henke, F, 
and Lubarsch, 0 Handbuch der speziellen patho- 
logischen Anatomie und Histologie, Berlin, Julius 
Springer, 1930, \ol 7, pt 2, p 632 

4 Hartz, P H , and Hugenholtz, M J ' Am J 
Clin Path 12 323, 1942 


diagnosis of myoma uteri supravaginal hysterectomy 
was performed on May 5, 1944 (Dr F R vandeStadt) 
The ovaries and tubes showed nothing abnormal The 
postoperative course was uneventful The uterus w r as 
enlarged, the anterior wall contained an almost com- 
pletely r necrotic myoma, about 6 cm in diameter The 
myometrium u r as thickened and pale, rose-white, the 
consistence was diminished The endometrium w r as 
thin and showed nothing abnormal 

Mtci oscopic Examination — (a) Myoma The myoma 
was almost completely necrotic, it contained much con- 



A muscle cell during mitosis The centrally located 
myofibrils can be easily distinguished from the paler 
peripheral protoplasm Masson’s tetrachrome , X 600 


nective tissue Only m the peripheral parts could a 
few viable muscle cells be found, they were much 
thinner than the muscle cells of the myometrium 

(6) Endometrium The endometrium was relatively 
thin, and the cells of its stroma w'ere loosely arranged 
The glandular epithelium showed no signs of secretion 
There w'ere a few lymphocites in the stroma The 
lems were wide The endometrium was eudently m 
the proliferatn e phase, as mitotic dnisions occurred in 
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the cells of the stroma, in the surface epithelium and 
in the epithelium of the glands There was slight 
endometriosis interna 

(c) Myometrium The myometrium was composed 
of the usual bundles of unstnated muscle cells, separated 
by loose connective tissue carrjmg the blood vessels 
and containing a few fibrocjtes and histiocytes and an 
occasional lymphocyte or leukocjte The muscle cells 
were large and broad and resembled the muscle cells 
of the pregnant uterus All of them contained many 
distinct rmofibrils, which were beautifullj brought out 
b\ the Masson stain Mitotic division occurred through- 
out the preparations, although its frequencj varied from 
one place to another Sometimes two or three mitotic 
figures could be counted m one field of a 2 mm objec- 
tne, in other places they were less frequent, especially 
in the stratum submucosum The cells m mitosis 
showed all the characteristics of the mitotic muscle 
cells which we have already described, 4 especially the 
rounded swelling in the nuclear area and the inter- 
ruption of the myofibrils bj the perinuclear protoplasm 
Another peculiarity, which .was especially visible in the 
broad cells, w r as the tendency of the fibrils to group 
themsehes centrally in the cell during mitosis, thus 
leaving the peripheral protoplasm free I ha\c also 
observed this phenomenon in mitosis of muscle cells m 
the media of small arteries and in myomas , according 
to my experience it is typical for the unstriated muscle 
cell The mjofibrils could be demonstrated m all 
dividing cells The other special structures which be- 
long to, or are particularly usiblc during, mitosi?, such 
as achromatic spindles, centrosomes and, in the telo- 
phase, Flemming’s intermediate bod), W’cre distinct 
The chromosomes were perhaps a little larger than in 
the mitotic muscle cell in nnoma In the connective 
tissue no signs of proliferative actmt\ could be ob- 
served, apart from an isolated mitotic figure m the 
endothelium of a small arterj 

COMMENT 

As follows from the foregoing description, 
mitotic figures occuired in a myometrium which 
on gross examination appealed hypei trophic 
That pregnancy was not the cause of the pro- 
liferation of the muscle cells was proved by the 
gross and the microscopic examination of the 
endometrium Likewise, good care was taken 
not to confound myometrium with myoma, and 
the possibility that the observation in reality 
concerned a very small, grossly invisible myoma 
with cells m mitosis is excluded by the fact that 


the mitotic figuies occuired in a large area ot 
the myometrium That the myoma was the 
cause of the myometnal hypertrophy is not 
probable, as such hypertrophy is not common 
in the laige myoma material of the Public 
Health Service laboratoiy in Curasao, especially 
not m women of this age The necrosis of the 
myoma and the hypertrophy ai e perhaps caused 
by the same factor, as happens m piegnancy 
Hypertrophy of the myometrium such as that 
observed in this case is a regular finding m the 
clinical syndiome often named fibrosis uteri or 
metrorrhagia my'opathica, which has recently 
been described by r Williams and Kinney 5 as 
myometrial hypertrophy In 10 cases in which 
specimens were examined microscopically these 
authors did not find muscle cells in mitosis, and 
they expressed the belief that the mci ease in size 
of the uteius is due to increased size of the 
muscle fibers of the myometrium and that the 
condition may r icpresent an estrogenic effect 
From a theoretic point of Mew it is important 
toat the dividing muscle cells in this case showed 
many distinct myofibrils and did not differ m 
any respect from the lest of the muscle cells 
They cannot, therefore, be classified as imma- 
ture cells and thus theie was marked prolifera- 
tion of completely developed muscle cells without 
the presence of so-called myoblasts and partially 
developed muscle cells or intermediate forms be- 
tween connective tissue cells and muscle cells 
It must also be considered probable that piohfera- 
tion ot muscle cells plays a moie important role 
m other forms of hypertrophy of the myometiium 
than is generally assumed 

SUMMARY 

In the uterus of a 41 year old woman myo- 
metrial hypei trophy' and a necrotic my r oma w r eie 
found Micioscopicalty, the myometrium showed 
numeious fully developed muscle cells, contain- 
ing distinct myofibrils, in mitosis Some char- 
acteristics of the mitosis ot muscle cells are 
described 

5 Williams, J T , and Kinne), T D Am J Obst 
6L GMiec 47 380, 1944 



PERIARTERITIS NODOSA-LIKE LESIONS IN RATS FED THIOURACIL 
DAVID MARINE, MD, and EMIL J BAUMANN, PhD 

NEW \ ORK 


The occuuence ot periarteritis nodosa-hke 
lesions in animals has been reported by many 
observeis— m a herd of axis deer by Lupke 1 and 
Jaeger 2 , in cattle by Nieberle, 3 Trawiriski, 4 
Knosel 5 and Guldner c , in swine by Joest and 
Harzer 7 and Nieberle s , in dogs by Balo, 9 and 
in rats by Wilens and Sproul 10 The last-named 
observers found typical periartentic lesions m 
9 7 per cent of 487 rats dead of natural causes 
All the involved rats were old ones — the females 
averaging 856 and the males 700 days of age, 
30, or 63 8 per cent, were females 

Following the original account of the disease 
in man by Kussmaul and Maier, 11 there was a 
general tendency to consider syphilis as a cause 
Then foi a period it was considered as a specific 
infection, probably a virus infection, and Haun 12 
and Harris and Friedrichs 13 reported the produc- 
tion of lesions resembling periarteritis nodosa in 
guinea pigs and rabbits, respectively, by inoculat- 
ing them with blood or with saline extracts of 
organs from persons who had the disease These 
observations have not been confirmed 

Following the studies of Gruber, 14 who came 
to the conclusion that the disease was a mani- 

From the Laboratory Division, Montefiore Hospital 
Thiouracil was generously supplied by Lederle 
Laboratories 

1 Lupke, F Verhandl d deutsch path Gesellsch 
10 149, 1906 

2 Jaeger, A Virchows Arch f path Anat 197 
71, 1909 

3 Nieberle, K Virchows Arch f path Anat 
269 587, 1928 

4 Trawinski, A Arch f wis^ensch u praht 
Tierh 59 207, 1929 

5 Knosel, W Ztschr f Fleisch- u Milchhyg 41 
413, 1931 

6 Guldner, E Virchows Arch f path Anat 219 
366, 1915 

7 Joest, E , and Harzer, J Beitr z path Anat u 
z allg Path 69 85, 1921 

8 Nieberle, K Arch f wissensch u prakt Tierh 
76 47, 1940 

9 Balo, J Virchows Arch f path Anat 248 
337, 1924 

10 Wilens, S L, and Sproul, EE Am J Path 
14 201, 1938 

11 Kussmaul, A , and Maier, R Deutsches Arch 
f him Med 1 484, 1866 

9() 12 ? aUn ’ F Virchows Arch f path Anat 227 

13 Hams, \Y H , and Friedrichs, A V 1 Exner 
Med 36 219, 1922 J P 


festation of hypersensitivity, all later obseivers 
have accepted his general conclusion that the 
vascular reaction is not a response to a single 
excitant but rather the expression of hypei sen- 
sitivity in the vessel wall where a preceding in- 
fection or intoxication has rendered the wall 
locally hypersensitive This view is also sup- 
posed by the finding of vascular lesions similar 
to penartentis nodosa in fatal cases of serum 
sickness 

Recently Rich 15 an'd Rich and Gregory 16 have 
reviewed the subject and brought further evi- 
dence, both from the spontaneous occurrence of 
the disease m human beings and from the experi- 
mental production of similar lesions m rabbits 
with injections of foreign serums, that the dis- 
ease is always an allergic reaction Rich has also 
emphasized the possible association of hypersen- 
sitivity to the sulfonamide drugs with the dis- 
ease He reported a case of periarteritis nodosa 
following the use of sulfathiazole alone The 
patient received the drug for five days when it 
was discontinued, and a second couise of treat- 
ment was started with the same drug after an 
interval of seven days Following this, the pa- 
tient’s condition grew worse rapidly, and he died 
on the nineteenth day after the first dose of sulf- 
athiazole This patient also had widespread focal 
inflammatory necrotic lesions in the viscera of 
the type described by Lederer and Rosenblatt 17 


) 

OBSERVATIONS ON LESIONS IN RATS 
FED THIOURACIL 


Our special interest m this subject was the 
incidental finding of typical periarteritis nodosa- 
hke lesions m 3 white rats, during the course of 
experiments on the effects of prolonged feeding 
with thiouracil (synthesized from thiourea) The 
principal data follow 


Rat IOo — A young male adult, born in the laboratory 
and never used Jor other experiments, was fed 8 Gm 


14 Gruber, G B 
258 441, 1925 

15 Rich, A R 
123 and 375, 1942 

16 Rich, A R , and Gregory, J E 
Hopkins Hosp 72 65, 1943 

17 Lederer, M, and Rosenblatt, P TAMA 

118 8, 1942 A 
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dailv of oui regular diet containing 40 mg (0 5 per day of thtouracil feeding a blood count showed 17,700 

cent) of thiouracil beginning on No\ 16,1943 llusdiet leukocytes and 5,200000 eiathiocytes The rat -was 

cqnsists of homina, i oiled oats, meat scrap, dried nnlk, killed with chloroform and an autopsy made at once 
dried brewers’ yeast and salt moistened with milk In The bodv weight w r as 262 Gm The thyroid gland 
addition fresh greens — usually lettuce — were given daily weighed 0172 Gm , it was dark red and shghtlv 

This rat was kept in a wire bottom cage with 5 other granular Ihe thymus was maoluted, and there were 

males They were transferred to a clean sterilized wire seaeral enlarged lamph nodes in the area The heart 

bottom cage each week This animal remained fail I\ weighed 102 Gm The middle lobe of the right lung 
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Fig 1 (rat lOo) — A segment of the mesentery Note the aneurysmal dilatations and the thick -walled, congested 
and thrombotic arteries 

Fig 2 (rat lOo) — A medium-sized ,mesenteuc aiter\ with intact media and ultima, showing a branch arterv 
cut lengthwise The latter show's fibnnoid necrosis of the submtima and the media, ending abruptly at its orifice 
The endothelial lining is intact There are moderate infiltration and fibrosis of the ada entitia, more marked in 
the branch artery 

Fig 3 (lat lOo) — A medium-sized arteij in the panel eas showing adaanced lesions with a complete ring of 
fibrinoid necrosis and extensive cellular infiltration and fibrosis of the media and the adaentitia Adjacent is a 
portion of the wall of a large aitery without imohenient 


active, ate well and had a clean coat until about Noa 15, aa'as completela, and the lowei lobe partialla, consoli- 
1944, avhen lales aa'ere noted and its fur avas erect dated The uppei lobe of the left lung shoaaed patches 
On December 6, the three hundred and eights -sixth of recent consolidation and aaas reddish, while the loaaxr 
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lobe was completely consolidated and greenish gray, 
similar to the middle lobe The spleen weighed 0 44 Gm 
The liver was grayish purple The pancreas was firm 
and edematous The adrenal glands weighed 0 035 Gm 
and were grayish brown The kidneys weighed 2 02 
Gm Their cortices w’ere slightly pitted No calculi W'ere 
found in the urinary tract The testes weighed 0 78 Gm , 
they were small but had normal outlines The prostate 
and seminal resides together weighed 0 39 Gm The 
hypophysis weighed 0 008 Gm The mesentery (fig 1) 
from the duodenum to the cecum was thickened and 


nodes, but the inguinal nodes were not enlarged The 
aorta appeared normal 

Mici oscopic Examination — The changes in organs 
w Inch we considered definitely associated with thiouracil 
feeding were marked hyperplasia of the thyroid gland, 
involution of the adrenal cortex, hypertrophy of the 
adrenal medulla, shrinkage of the spleen, the testes, the 
prostate and the seminal vesicles and parenchymatous 
changes m the liver and the kidneys The pneumonia 
was of the chronic snuffles type with a recent acute 
hemorrhagic bronchopneumomc spiead Enlargement of 



There is only slight nodular thickening, masked by the 


Fig 4 (rat I5i) — A segment of the mesenterv 
normal tat 

Fig 5 (rat 34a) —A segment ot the mesenterv Note the thickened nodular arterial coids 
Fig 6 (rat 15i) —A cross section of a small artery in the pancreas with very early fibrinoid necrosis visible 
normal " Uh charactenstlc thickening and cellular infiltration of the adventitia The accompanying vein is 

Th^'accompanjing fern TZS'°" ° ' * S '"“" ”‘" 5 Pa ”' re “ " ,th “ rt >’ P»vasc u l a r 


indurated, with no risible fat and tortuous nodular cords 
fanned out from the base to the intestinal wall These 
nodules were grayish brown and on section contained 
both nuid and clotted blood The branches of the 
mesenteric lein appeared normal There was slight 
enlargement of the mesenteric and peripancreatic Ivmph 


the mediastinal lymph nodes is always present in pneu- 
monia Enlargement and hy peremia of mesenteric lymph 
nodes, however, are usually not present in pneumonia 
and should, we believe, be considered as part of the 
periarteritis complex The penaiterial lesions were 
limited to the axteries of the mesentery, the pancreas and 
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the retroperitoneal tissue at the base of the mesenterj 
The most advanced lesions were seen in the mesen- 
tery and the pancreas, where in any given section most 
of the arteries were involved, although one observed in 
any section a few relatively normal arterial vails 
Figure 2 illustrates the local character of the lesion, 
which in this instance was limited to the branch artery 
at this level The lesions were practicallv identical 
with those found m human periarteritis nodosa and 
need not be described in detail In this rat there were 


when the subintimal necrosis was extensive Hynve\ er, 
it was ovei these areas of neciosis that one noted 
thrombus formation — sometimes fresh and at other times 
completely organmed The periarterial lesions were 
also present in all stages from acute edema and cellular 
infiltration to healing with extensive formation of granu- 
lation tissue In this rat the edema, the cellular exudate 
and the formation of granulation tissue mvohcd all of 
the mesenterj and gave it the firm, thickened, semirigid 
condition noted in the gross examination The vails 



Fig 8 (rat 15i) — A branch of a renal arterj showing moderatelj advanced lesions A small adjacent arterj 
is not involved I 

Fig 9 (rat 34a) — Elastic tissue stain of a mesenteric arter\ Note the healed lesion with prominent visa 
vasorum 


arterial lesions in all stages — developing and healed 
Outstanding was the extensive fibnnoid necrosis of the 
media and subintimal layers, often involving the entire 
circumference of the wall as a solid ring (fig 3) , m 
many instances, however, it appeared only as a focal 
area The endothelial lining was usually intact even 


of the branches of the mesenteric vein accompanwng 
the arteries veie not involved The lymphatic vessels 
were irregularly dilated, somewhat thickened and con- 
tained manv ljmphocytes, attached to the endothelium 
No arterial lesions were seen in sections of the lung, 
the liver, the spleen and the kidneys In both kidnejs 
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there were calcific deposits in the collecting tubules and 
h\ aline casts in localized areas 

Rat 15i — A voung female adult was fed our labora- 
tory diet with l per cent (80 mg ) of thiouracil dailv , 
beginning Feb l, 1944 This rat remained active until 
December 9, the three hundred and tweltth day of 
'thiouracil feeding , then it seemed dull and was killed 
with chloroform on this day The leukocyte count was 
15,900 

The body weight w'as 152 Gm The thyroid gland 
weighed 0146 Gm and was dark red The thymus 
was atrophic, and there were several slightly enlarged 
hmph nodes in the area Both lungs appeared normal 
throughout The heart weighed 0 74 Gm The spleen 
weighed 0 45 Gm The liver was grayish purple The 
pancreas was unusually white, moderately firm and 
edematous The adrenal glands weighed 0 024 Gm and 
were greenish gray The kidneys weighed 1 39 Gm , 
their surfaces w'ere slightly pitted No calculi were 
found in the urinary tract The ovaries were small and 
contained several very small hyperemic corpora lutea 
The pituitary gland weighed 0 009 Gm The mesentery 
(fig 4) showed slightly thickened and nodular cords 
radiating from the base to the intestinal wall, with the 
mesenteric veins appearing as sharply defined delicate 
red lines in a normal transparent mesenteric membrane 
containing fat The intestinal wall w'as of normal size 
and appearance The lymph nodes at the base of the 
mesenterj and the peripancreatic and perigastric nodes 
were enlarged and hyperemic, but the inguinal and the 
axillary nodes were not enlarged 

Mmoscopic Examination — Aside from the changes 
in the thyroid gland, the adrenal glands, the spleen and 
the ovaries and the parenchymatous change in the liver 
and the kidneys, which are considered as characteristic 
of thiouracil feeding, the special lesions were limited 
to the arteries of the pancreas, the mesentery, the kid- 
nei s and the peripancreatic and perigastric region 
These lesions were essentially similar to, but of much 
less degree and more acute than, those described for 
rat lOo There w'ere no definite aneur} sms, and thrombi 
were not seen (figs 6, 7 and 8) 

Rat 34a — A female 7 months old was given our 
laboratory diet with 1 per cent (80 mg ) of thiouracil 
daily, beginning Jan 29, 1945 Fifteen davs later the 
rat became dull and dyspneic and w'as killed on the 
twenty-third day 

The body weight was 240 Gm The thyroid gland 
weighed 0183 Gm , it was dark red and strikinglv 
enlarged for so short a period of thiouracil feeding 
The thymus was atrophic, and there were several en- 
laiged nodes in the area The upper and middle lobes 
of the right lung and the lower lobe of the left lung 
were completely consolidated There w'ere a few' 
scattered areas of consolidation in the lower lobe of 
the right lung The upper lobe of the left lung was 
emphysematous The heart weighed 105 Gm The 
spleen w'as large , the weight, 1 76 Gm The pancreas 
w as hvperemic, W'lth nodular thickening of the arteries 
The liver was grajish purple The adrenal glands 
were enlarged, weighing 0 070 Gm The manes con- 
lsrge bright red corpora The kidneys weighed 
2 77 Gm There were a few' orange-colored calculi 
m the renal pelves The pituitarv gland weighed 0 0115 
Gm The mesenterj of the small intestine (fig 5) and 
of the descending colon showed nodular tortuous cords 
extending from the intestine to the base Some of the 
nodules were lellowish but most of them w-ere grai- 
brown No vascular lesions were noted m the gastric 
\ essels 


Mici oscoptc Examination — No acute lesions w r ere seen 
m several blocks taken from the pancreas, the mesentery 
of the small intestine and the colon The vessel walls 
w'ere greatly thickened This thickening W'as predomi- 
nantly in the adventitial coat and consisted of a dense 
new formation of fibrous tissue, in which the vasa 
vasorum w'ere strikingly enlarged, often congested 
and possibly increased in number (fig 9) Scattered 
throughout this thickened adventitia but more frequently 
m the immediately adjacent areolar tissue were larger 
and smaller collections of macrophages filled with brown- 
ish pigment Also in the areolai tissue were a few' 
plasma cells and lymphocytes but no granulocytes Occa- 
sionalh irregular areas of calcification w'ere seen in the 
dense hjahmzed adventitial coat, but in no vessel was 
medial or subintimal calcification noted 1 he media 
w'as not sharply outlined either on the intimal or on 
the adventitial side No inner elastic layer could be 
made out, and while some filaments of elastic tissue 
w'ere seen in the outer zone of the media, the sharp 
line of demarcation between media and adventitia w'as 
lost because of the extensive fibrous tissue replacement 
of the media 

COMMENT 

Thiee rats (2 females and 1 male) showing 
typical lesions of periartentis nodosa were de- 
tected in a gioup of moie than 100 rats kept tinder 
the same laboratory conditions and given thiou- 
lacil In 2 of the 3 rats this pathologic change 
presumably developed toward the end of the 
long period of thiouracil feeding, although in 1 
(lOo) there w'as abundant evidence of chionicity 
(healing and healed lesions) The thud rat 
had received thiouracil for twenty-two days, and 
the lesions were largely healed The lesions 
occurred chiefly in the branches of the superior 
and the infeiior mesenteric aiteries, and in rat 
15i, also in branches of the renal arteries The 
legional lymph nodes w'ere enlarged and hyper- 
emic No arterial lesions w'ere found m the spleen, 
the liver, the heart, the lungs, the thyroid gland, 
the gonads or the intestines 

This distribution of the lesions w'as m the path 
of absorption from the gastrointestinal tract and 
may be significant, particularly if sensitization is 
m some w'ay dependent on antigenic substances ( 
spieadmg from the perivasculai lymphatics as 
Klotz 18 has suggested Rats lOo and 34a had 
extensive chionic and acute pneumonia, while 
rat 15i show'ed no pneumonic lesions oi other 
signs of infection These rats had not been used 
foi any previous experimental procedures, and 
w e have no clue as to wdiy this manifestation of 
hypersensitivity developed in only 3 rats The 
question of whether thiouracil could be a factor is 
raised Such an association does not seem likely 
since rat 34a had received the drug for twenty- 
two days and only the healed arterial deformities 
(hyahnization of the media, fibrosis and calcifi- 


18 Klotz, O J M Research 37 1 1917 
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cation m the achentitia) weie piesent Howevei, 
one does not know how lapidly healing of the 
lesions can occur If the disease in rats is similai 
to human periarteritis nodosa, the lesions may 
develop m a few days (Rich) The -very high 
percentage (9 7) reported by Wilens and Spioul 
showed a more extensive distubution of lesions 
than was found by us They suggested that pos- 
sibly dietaiy factois may have influenced the 
incidence since only m 1 of 75 rats leceivmg 
meat and -vegetables did the lesions occur vUnle 
46 of 356 lats whose diet lacked one or the othei 
of these mgiedients had the lesions The cases 
leported by Wilens and Spioul occuned m old 
lats — mostly ovei 700 days of age — while the 
oldest of oui 3 lats was less than 500 days old 

The patient with penaiteritis nodosa whose 
case was leported by Rich and leferied to in the 
foregoing paiagraph leceived sulfatlua7ole on tw r o 
occasions, which might be looked on as pioviding 
the sensitizing and testing doses, while out lats 
received the thiouiacil continuously Many 
authois 10 have warned against using the same 
sulfonamide diug when it is nccessaiv to lepeat 
the couise of tieatment since the various “toxic” 
leactions occui in a lnghei peicentage of such 
cases 

In view’ of the woik of Schonholzei, 20 
Wedum 21 and othei s it seems possible that 
hypersensitivity w’as induced by specific thio- 
ui acil-pi otein conjugates fiom pioteins or their 
hydrolytic pioducts in the intestine, which weie 
absorbed by way of the lymphatics and thus 
reached the aiteual walls The noimal lat is 
difficult to sensitize with any antigen, but if 

19 Dowling, II F , and Lepper, M II Am J M 
Sc 207 349, 1944 

20 Schonholzer, G Klin Wcbnschr 19 790, 1940 

21 Wedum, AG J Infect Dis 70 173, 1942 


adrenalectomized,-' 2 it is fairly easily sensitized 
to lioise serum 

If the periarteritis nodosa-like lesions obsen ed 
aie allergic reactions, it is possible that the hyper- 
trophy of the adn enal medulla and the set ere m- 
juiy of the cortex which we have reported 23 ' 
following prolonged thiouracil feeding in rats may 
have rendered them susceptible to sensitization 
sinnlai to that which can be induced following 
adi enalectomy Lesions morphologically similar 
to those of peiiaitentis nodosa in man are ot 
fauly common occuriencc in white rats If these 
lesions are manifestations of hypersensitivity, 
the high incidence is somewhat paradoxic 

SUMM \K\ 

Penaiteiitis nodosa developed m 3 rats, 1 
male and 2 females, reared m the laboratory, 
dui mg continuous feeding w ith 0 5 pei cent and 
1 pei cent thiouiacil About 100 other rats ot 
the same stock and age fed with thiouracil did 
not show’ such lesions The lesions were con- 
fined to the mescnteiy of the small intestine, the 
colon, the pancreas, the pengastric and peri- 
pancieatic legion and the kidneys of 1 animal 
(15i) Tw o of the rats had extensn e chronic and 
acute pneumonia, the third had no signs of in- 
fection Neither lat had been pieviously used 
All 3 lats showed appi oxunately the same 
changes in the thyioid gland, the spleen, the 
gonads, the h\ci, the kidneys and the adrenal 
glands that are associated with thiouiacil poi- 
soning 

22 Flashman, D II T Infect Dis 38 461, 1926 

23 Marine, D, and Baumann, F T Hi pertropln 
of the Adrenal Medulla of White Rats in Chronic 
Thiouracil Poisoning, Am J Pin siol , to be published 
Baumann, E J, and Marine, D Involution of the 
Adrenal Cortex of Rats Fed with Thiouracil, Endo- 
crinology, to be published 
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LATENT PRIMARY CARCINOMA OF THE THYROID GLAND 


Nathan Mitchell 

A mass m the neck is usually the initial finding 
m most cases of cancer of the thyroid gland 
In a small peicentage of cases the first symptoms 
may be caused by precocious metastases m re- 
mote Mscera As Willis 1 pointed out, in the 
laige majority of instances latent cancer of the 
thyroid becomes manifest thiough deposits m 
the bones In such cases the diagnosis of metas- 
tatic cancer of the thyroid gland is often made 
only after surgical operation on a limb and sub- 
sequent histologic examination of the osseous 
tumor have identified the thyroid origin Willis 
also recorded fiom the literature hepatic, intes- 
tinal and cerebral metastases that were operated 
on and later proved to be secondary deposits 
from latent cancer of the thyroid gland No 
instance m which pulmonary metastases from a 
primary tumor of the thyroid gland giving rise 
to the clinical picture in the case now reported 
has been found descubed in the available litera- 
ture 

REPORT OF A CASE 

The patient was a 51 year old white woman who first 
became ill in the summer of 1943 At that time she 
noted gradually increasing fatigability, anorexia and loss 
of weight Several months later cough appeared with 
expectoration of whitish mucoid sputum which was 
occasionally blood streaked Two months before ad- 
mission to the Mount Morris Tuberculosis Hospital 
she noted marked dyspnea, which had become increas- 
ingly severe A roentgenogram of the chest in June 
1944 showed numerous nodular and linear densities 
scattered throughout both lung fields She was admitted 
on July 7, 1944 

There were signs of scattered areas of pulmonary 
consolidation, moderate exophthalmos and moderate 
emaciation No masses W'ere felt in the neck The white 
blood cell count was 14,200, with 84 per cent poly- 
morphonuclear leukocytes, 4 per cent monocytes and 
12 per cent lymphocytes The red blood cell count was 
5,000,000, with a hemoglobin content of 16 5 Gm per 
hundred cubic centimeters (116 per cent) The sputum 
was negative for tubercle bacilli on three occasions 
Roentgenograms of the chest revealed irregularly shaped 
and variably sized nodular and linear densities in the 
light lung, particularly below the level of the fourth 
anterior rib In the left lung densities similar to those 
seen in the right lung were found between the levels 
of the first and third ribs anteriorly Throughout both 
lungs there were irregularly outlined areas of radio- 
lucency which were suggestive of small areas of cavi- 
tation Comparison of this roentgenogram with that 
ot Tune 1944 showed definite increase m infiltration 

From the Mount Morns Tuberculosis Hospital, 
Tuberculosis Division, New' York State Department of 
Health 

1 Willis, R A The Spread of Tumors in the 
Human Bodv, London T & A Churchill, Ltd, 1934 


M D , Brooklv n 

throughout both lungs Despite vigorous supportive 
therapy, the patient failed rapidly and died after six 
days m the hospital 

Autopsy (one hour after death) — There was mod- 
erate emaciation The thyroid gland was not palpable 
No lymphadenopathy was apparent externally The 
breasts were small and atrophic, and no masses were 
felt within the mammary parenchyma 

The left pleural cavity contained 500 cc and the right 
pleural cavity 750 cc of a clear straw-colored fluid 
There w'ere about 150 cc of a similar fluid m the peri- 
cardial sac No enlarged lymph nodes were seen in the 
mediastinum 

The heart u'as not enlarged Several indurated, 
slightly elevated nodules 0 1 cm m diameter were 
present beneath the visceral layer of the pericardium 
near the base of the heart No tumor nodules were 
seen in the myocardium 

The left and right lungs, although not enlarged, 
weighed 840 and 960 Gm There were no adhesions m 
either pleural cavity Minute yellow-gray streaks were 
noted beneath the visceral pleura of both lungs On 
section innumerable rounded and irregularly oval gran- 
ular opaque gray-white nodules were seen scattered 
throughout both lungs from apex to base (fig 1) The 
nodules were extremely firm Many of them appeared 
to be formed by confluence of smaller foci Where the 
pulmonary parenchyma was visible, tiny nodules measur- 
ing less than 0 1 cm were noted At the base of the 
right lower lobe w r as a roughly quadrangular focus of 
dark red tissue measuring 4 by 2 by 2 cm , slightly 
elevated above the level of the surrounding tumor- 
bearmg pulmonary parenchyma The major bronchi 
show'ed no areas of ulceration and contained no tumors 
There were no thrombi in the larger branches of the 
pulmonary arteries 

On the anterior border and surface of the spleen 
were numerous thin-walled cystic structures measuring 
from 0 1 to 0 5 cm in diameter On section these 
appeared to be limited to the capsule They contained 
a small amount of homogeneous yellow-brown material 

All lobes of the liver were occupied by numerous 
rounded and irregular foci of granular opaque gray- 
w'hite tissue ranging m size from 0 3 to 4 cm The 
nodules were w’ell demarcated from the brown-red 
hepatic parenchyma Occasionally, grayish streaks could 
be seen extending into the sinusoids No gross invasion 
by tumor tissue was seen in either the portal or the 
hepatic venous channels 

The gallbladder wall was slightly thickened and con- 
tained about 50 calculi, faceted and dark green The 
extrahepatic bile ducts were patent 

The kidneys contained several small nodules in the 
cortex, for the most part directly beneath the capsule 

The cervix uteri w’as indurated, and a small red 
polyp protruded into the endocervical canal The endo- 
metrium was smooth and glistening throughout A small 
myomatous nodule was present in the myometrium 
A few tiny cvstic structures were noted beneath the 
serosa covering the posterior surface of the uterus In 
331 
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the right broad ligament was a thin-walled cystic mass 
measuring 3 cm in diametel* It was attached to the 
region of the fallopian tube by a thm stalk 
The thyroid gland was not increased in size, but a 
firm mass was felt in the right lobe The left lobe 
showed no abnormalities On section of the right lobe 


a rounded mass measuring 1 25 cm in diameter was 
noted in the anterolateral aspect of the lobe (fig 2) 
The mass was opaque and gray-vvhite, with prominent 
centrally placed hemorrhagic streaks and yellow areas 
of necrosis The nodule was depressed below the level 
of the brown thyroid parenchyma The capsule was 



Fig 1 — Cut surface of the left lung showing minute rounded and larger irregular confluent nodules of 
metastatic cancer , x 05 

Fig 2 — Both lobes of the thyroid gland sectioned in the horizontal plane The left lobe contains no tumor 
tissue The cancerous mass in the anterolateral aspect of the right lobe has invaded a small portion of the 
capsule of the gland In the center of the mass hemorrhage and necrosis are prominent , X 1 4 

Fig 3 — A section through the myometrium showing the uterine venules filled with solid plugs of cancerous 
tissue in which papillation is prominent Section of paraffin-embedded tissue stained with hematovylm and 
eosin, X 120 
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invaded by the tumor tissue in one small area No ob- 
vious involvement of regional lymph nodes and no vas- 
cular invasion were seen on gross examination 

A sagittal section through the lumbar vertebrae re- 
vealed extensive replacement of the hemopoietic tissue 
by opaque gray-white almost bony hard tissue 
Miaoscopic Observations — The most prominent histo- 
logic change m many of the viscera was extensive 
intravascular proliferation of tumor cells In the heart, 
groups of epithelial cells were noted in an occasional 
myocardial venule The epicardial venules and the vasa 
vasorum of the aorta were filled with solid plugs of 
tumor tissue in papillary formation The interlobar and 
interlobular veins of the pancreas contained cancer cells 
with an alveolar pattern In the liver many parenchymal 
metastases were present The tumor tissue extended 
into the walls and lumens of the portal and hepatic 
venous radicles Tiny nodules of metastatic cancer were 
present in the adrenal cortex, the capsular venules con- 
tained small tumor emboli Although several metastatic 
nodules were observed m the renal cortex, no definite 
tumor cells were seen within the renal vessels The 
pelvic viscera showed the most widespread and exten- 
sive permeation of veins by the cancerous tissue In the 
uterus particularly, almost every venule and many of 
the lymphatic channels contained solid masses of can- 
cerous epithelial cells (fig 3) The ovarian venules 
were similarly involved by papillary tumor tissue 

The small trabecular veins of the spleen contained 
occasional epithelial cells similar to those in other 
vessels No true metastatic foci were found in tfre 
splenic parenchyma A multilocular lymphangioma was 
present in the capsule of the spleen and corresponded 
to the cystic structures noted grossly The cysts were 
lined by either flattened endothelium-like cells or low 
cuboidal cells The lumens of the cystic spaces were 
occupied by very pale eosinophilic homogeneous mate- 
rial containing a few histiocytic cells Adjacent to and 
vuthin some of the cysts u r ere small nodules of papillary 
neoplastic tissue identical with many of the foci noted 
in other organs 

Isolated groups of carcinomatous cells were found in 
the venous sinusoids of the vertebral marrow Promi- 
nent new bone formation was seen alternating with 
cancer cells within the marrow Rows of osteoblastic 
cells were present at the periphery of many of the new 
spicules of bone, and it was difficult to dissociate them 
from the cancerous epithelium Many of the solid neo- 
plastic foci showed prominent papillary formation No 
actual destruction of the bony trabeculae of the marrow 
was seen 

Little intact parenchyma remained in the lungs 
Many sections should the bulk of the pulmonary tissue 
to be occupied by papillary epithelial tumor tissue 
Tiny discrete and larger confluent foci were scattered 
throughout In the smaller nodules the tumor occupied 
t ic lumens of the alveoli, and the interalveolar septums 
were intact In the larger confluent foci the inter - 
aheolar walls were poorly delineated because of com- 
pression by the tumor cells In some situations necrotic 
and necrobiotic changes were noted Densely basophilic 
oi al bodies composed of finely laminated amorphous 
material and resembling the so-called corpora amylacea 
were obsened both in the neciotic foci and in places 
where the cells were intact (fig 4) Calcium could 
be demonstrated in a few' of these structures bi the 
ion Ixossa stain Extensive permeation of the blood 
■\essels and the Ijmphatic channels by the cancerous 
tissue was evident The pulmonary veins were pre- 
dominantlv involved The lumens of these vessels 
were filled with solid clumps of cancer cells Some 


of the larger pulmonary arteries contained recently 
formed thrombi in which could be seen large collec- 
tions of cancer cells, some of which were arranged m 
glandular formation Some of the bronchial arterial 
branches were filled with small plugs of tumor tissue 
The perivasculai and peribronchial lymphatic vessels, 
as well as the subpleural lymphatic channels, were 
filled with small tumor thrombi 
The left lobe of the thyroid gland contained no 
tumor tissue In the right lobe the rounded nodule 
seen grossly, which was obviously carcinomatous, was 
flanked by a small papillary adenocystoma on one side 
(fig 5) and a colloid adenomatous nodule on the other 
In contrast with the normal neighboring thyroid 
parenchyma, the alveoli in the cancerous nodule were 
placed more closely, and there was almost complete 
disappearance of the interacmous connective tissue In 
addition the cells comprising the alveoli within the 
cancerous nodule were larger, distinctly hyperchromatic 
and variable in size and shape (fig 6) In some acini 
there was a moderate amount of colloid, while in others 
the colloid was scanty or absent Active growth could be 
identified in some of the thyroid follicles by the pres- 
ence of small papillations composed of epithelial cells 
In other alveoli this tendency was more pronounced 
and solid plugs of epithelial cells were seen within the 
lumens In places the cancer cells were growing in 
cords and clumps without any attempt at gland for- 
mation Clumps of cancerous cells which were mark- 
edly hypei chromatic extended beyond the limits of the 
roughly rounded cancer nodule The capsule of the 
thyroid gland was invaded at one point, and clumps 
of cancer cells were seen to extend between the normal 
thyioid acini of the regional lobules Prominent venular 
invasion by small groups of epithelial cells was noted 
Solid clumps of epithelial cells were present in the 
lumens of these vessels, and occasionally the endo- 
thelium had been replaced by a single low of neo- 
plastic elements Extensive hemorrhage and necrosis 
were present in the center of the cancerous nodule 
_ A large amount of fibrous tissue was also centrally 
located and was composed of broad bands of afibrillar, 
densely eosinophilic homogeneous collagen in which 
there was only an occasional fibroblastic cell In some 
places the collagenous tissue was entirely acellular 

The papillary adenocystoma, which measured approxi- 
mately 0 3 cm m diameter, was rimmed peripherally 
by a thin layer of fibrous connective tissue on which 
rested a single layer of cuboidal epithelium In the 
center the papillary projections were seen in cross sec- 
tion and appeared as rounded alveolar structures with 
a central core of slightly vascularized connective tissue 
The epithelial cells were regular in size and shape, 
and no atypical proliferation was visible A moderate 
amount of colloid was seen in the alveoli and m the 
lumen of the cyst between the papillary projections 
and the 'cyst wall The colloid adenomatous nodule 
approximated the dimensions of the adenocystoma de- 
scribed and was composed of various-sized acini with 
abundant colloid in the center of the glands The 
epithelial linings were made up of flattened cuboidal 
cells 

Anatomic Diagnosis Papillary adenocarcinoma of 
the right lobe of the thyroid gland with metastases to 
the lungs, visceral pleura, visceral pericardium, liver, 
kidnejs, lumbar vertebrae, splenic capsule and adrenal 
glands, neoplastic embolism of myocardial, splenic, pan- 
creatic, ovarian and myometrial venules, hydrothorax, 
hj dropencardium , recent hemorrhagic infarct of the 
lower lobe of the right lung, multilocular lymphan- 
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gioma of the splenic capsule, fibiohpoma of the kid- 
ney, hydatid of Morgagni of the right broad ligament 
serosal cysts of the uterus, small leiomyoma of the 
uterus, adenomatous polyp of the cenix, chronic 
cholecystitis and cholelithiasis , old tubercles of the spleen 


It was stiessed that the term “latent” should be 
applied to any cancer the presence of which 
was made known bj metastatic deposits in re- 
mote viscera before an) symptoms or signs refer- 



Fig 4 — Densely basophilic oval bodies composed of fmeh laminated amoiphous material found in a portion 
of one of the pulmonary metastases in which neciosis was not prominent Shadow forms of epithelial nuclei 
are present in the centers of some of the bodies Section of paraffin-embedded tissue stained with hematoxj- 
lin and eosin , X 590 

Fig 5 — A hyperplastic papillary adenocystoma is situated between the cancerous mass at the right and 
the normal thyroid acini at the left Necrosis and hyaline fibrosis ma\ be noted within the cancerous nodule 
Section of paraffin-embedded tissue stained with hematoxylin and eosin, X 14 

Fig 6 — The cells comprising the thyroid acini within the cancel nodule are hypei chromatic, and atyp (C3 * 
proliferation is seen 


COMMENT 

A pi ease definition of latent pnmaiy cai- 
cinoma following that pioposed by Willis has 
been offered b) Gew anter, Mitchell and Angrist 2 


able to the site of the cancel’s ongin had ap- 
pealed The cancel now described seems to fit 

2 Gewantei, A P Mitchell, N, and Angrist, A 
Aicli Path 35 66, 1943 
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into that categoiy The thyroid mass was 
neithei palpable noi visible, nor did it occasion 
any symptoms Suggestive exophthalmos was 
noted when the patient was admitted to the hos- 
pital, but the probability exists that this isolated 
sign was caused by the physiologic activity of 
the widespread metastases In this connection it 
is interesting to speculate about the significance 
of the densely basophilic oval bodies which weie 
found m some of the metastatic nodules, for such 
concretions, which were found intimately asso- 
ciated with degenerative and necrotic changes 
in the cancel ous epithelium, may lepresent some 
foim of alteied thyroid secretion Exophthalmos 
had not been noted before admission, and theie 
weie no other symptoms ot overactivity of the 
thyroid gland 

Inaccessibility and piomment vasculai inva- 
sion both conti lbuted m making this tumoi a 
latent one Despite the supeificial location of 
the cancer in the right lobe of the thyroid gland, 
its small size and its failure to elevate the capsule 
m any one place piecluded clinical discoveiy of 
the mass The nbbon muscles of the neck effec- 
tively hid the small tumor fiom the examining 
fingers Equal importance must be attributed to 
the early and extensive growth of the cancer cells 
within the venules of the tliyioid gland The 
initial symptoms were lefeiable to the lungs, 
and this attests well to the fact that the pulmo- 
nary metastases weie established early m the 
course of the disease and grew tapidly while the 
primal y giowth was relatively quiescent The 
tendency of these particulai cancel cells to pene- 
ti ate v asculai channels is well shown m the meta- 
static foci m the lungs and the livei The pul- 
monary veins were extensively involved by tumor 
thrombi, and this affoided adequate opportunity 
for furthei dissemination of the tumor to visceia 
m the path of the systemic cuculation In turn, 
the invasion of the large hepatic veins by meta- 
static nodules m the liver was anothei prolific 
source of pulmonary metastases The peimea- 
tion of the branches of the bionclnal aitenes 
by micioscopic tumor emboli provided yet 
anothei mechanism of pulmonaiy seeding 

The prominent involvement of the lungs and 
the tendency of the pulmonary metastases to line 
the alveolai walls simulate the appearance de- 
scribed foi primary alveolar cancel of the lung 
From the observations m this and othei cases 
of small latent primary carcinoma of the thyroid 
and the prostate gland, the diagnosis of primaiy 
alveolai cancel of the lung should be made only 
after careful seaich for all such possible distant 
foci of ongm 

The genesis of the diffusely scattered venous 
permeation m v arious organs is open to question 
That the cancerous intravascular growths do not 
lepresent tertiary venous invasion is suggested 


by the absence of disci ete metastatic nodules m 
the oigans affected It is difficult to visualize 
such ’widespread involvement of the ovarian and 
myometrial venules from simple postmortem 
manipulation of the viscera Retrograde venous 
embolism must be considered despite the absence 
ot gross occlusion of the laigei veins (which is 
stiessed by Willis), because of the widespread 
obstruction of the venous channels in the pul- 
monaiy and portal beds Finally consideration 
must be given to permeation by extensive con- 
tiguous growth within the venous channels from 
undisclosed aitenal emboli 

It has been said that in 80 to 90 pei cent of all 
cases of carcinoma of the thyioid gland the car- 
cinoma anses from pieexistmg adenoma 3 and 
that “usually the de\ elopment of the adenocai- 
cinoma has destroyed all trace of the pre-existing 
adenoma and this ongmal nidus can be recog- 
nized only fiom the history given by the patient ” 
Despite the absence of such a history m this 
case, there is histologic evidence of preexisting 
adenoma Adjacent to the cancerous nodule 
there weie a well developed benign papillary 
adenocystoma and a colloid adenomatous 
nodule The wide bands of deeply eosinophilic 
homogeneous acellular fibrous tissue in the large 
cancel ous nodule also indicate that another lesion 
of many years’ duration must have been pi esent 
Histologically, this cancer of the thyioid fits 
mto group 2 of the classification proposed by 
Lahey, Hare and Warren 3 and others 4 While 
there was considerable anaplasia m the primary 
tumor as -well as m some of the metastases, the 
bulk of the tumor showed prominent papillary 
formation 

SUMMARY 


In the case of latent primary caicmoma of 
the thyioid gland presented, theie is evidence 
that the cancer aiose at the site of an adenoma 
of long standing The presenting clinical picture 
was one of pulmonary involvement and was 
caused by eaily and .piohfic metastases in the 
lungs 

The small size of the primaiy tumor, without 
distoition of the gland, the invasion of the 
venules of the gland by the cancer cells and the 
lapid growth of the metastatic foci m the lungs 
account foi the latency in this case 
A piomment featuie of the tumor was its 
widespread peimeation of veins throughout all 
the areas of involvement 
The gross and micioscopic pulmonary 
changes bore a lesemblance to primary alveolar 
cancer of the lung 
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ADRENAL CORTICAL ADENOMA OF THE EPIDIDYMIS 


Ana Freeman, MD, Chicago 


Nodules of tissue lepeatmg the structure of 
cortical adenoma of the adrenal gland and dis- 
placed along the couise of the wolffian duct 01 
its adult derivative structures have been de- 
scribed frequently In the publications reviewed 
by Nelson, 1 Glynn 2 and otheis these nodules 
are descubed as found near the adienal gland, 
beneath the capsules of the kidney and the liver 
along the course of the ovanan arteiy and vein, 
in the broad ligament of the ovar) and m the 
ovary itself, along the couise of the spennatic 
artery and vein and in the connective tissue of 
the inguinal canal However, only a few nodules 
have been desci ibed which occui red m the region 
of the testis or the epididymis in man 

Dagonet 3 descubed 2 nodules of adrenal coiti- 
cal tissue, 1 on the right spermatic vein and 1 
between the light epididymis and the adjacent 
tubules of the corresponding testis in an infant 
aged 21 dajs Micheal 1 recoided 7 coitical 
adenoma nodules occui ring between the testicu- 
lar tubules and the epididymal ducts , 4 occui red 
in adults and 3 in infants Two heteiotopic 
nodules weie near the right epididymis in one 
infant, and 1 was near the left epiclid}ims in 
another Wiesel 5 reported the examination of 
15 pans of testicles and epidid) nudes from new- 
born infants and an equal number from males 
whose ages ranged between 1 and 60 } ears 
He found cortical adrenal gland tissues repeat- 
edly near the testis and the epididymis in speci- 
mens from the newborn but only 2 adenomas 
among the tubules of the epididymis Knk- 
bnde 0 examined 54 tissues and l epoi ted 8 small 
adrenal coitical adenomas in the legion of the 
testis and the epididymis Berger, 7 R Meyei s 
Pana, 9 Pilliet, Regaud and Loisel, according to 
Glynn, 2 Roth, according to Ulrich, 10 Monserrat 

From the Hemy Baird Favill Laboratory, St Luke’s 
Hospital 

This study was aided bv the Winfield Pack Memorial 
Fund 

1 Nelson, A A Arch Path 27 955, 1939 

2 Glynn, EE J Obst & Gynaec Brit Emp 

28 23, 1921 

3 Dagonet, J Ztschr f Heilk 6 1, 1885 

4 Micheal, J Deutsches Arch f klm Med 43 

120, 1888 

5 Wiesel, J Wien klin Wchnschr 11 443, 1898 

6 Kirkbride, M B Arch f Entwcklngsmechn d 
Organ 32 717, 1911 

7 Berger, L Arch d’anat micr 32 315, 1936 

8 Meyer, R Ztschr f Geburtsh u Gynak 71 
221, 1912 

9 Pana, C Minerva med 1 76, 1931 


and Latienda, 11 and otheis observed similar 
nodules of adrenal cortical tissue in this legion 
Although the numbei of these heteiotopic cortical 
adenomas repotted in newborn and othet male 
infants is small, the numbei observed in this 
region m adults is much less 

Jafte 12 stated that accessory nodules disap- 
pear with advancing age because the} aie physio- 
logical!} unnecessary in the piesence of adequate 
noimal adrenal glands Others agree that most 
of these rests disappear before pubert} Wiesel 3 
found cell masses and strands resembling cortical 
tissues near the epididymis m tissues from jouths 
but none full} developed in the epidid} mis in 
tissues from adults Micheal leported cortical 
tissues among the tubules of the light epidid} mis 
m 4 adults Mai sella, 13 m 1934, described a 
nodule among these ducts of the epididymis in 
a man aged 34 }eais, and Nelson 1 reported 
nodules m the region of the testis and the epi- 
did} mis in 6 men The tissues which Nelson 
examined weie eithei within or just outside the 
tunica albuginea and eithei behind or just above 
or below the rete testis His repoit discussed 
the individual chuiactenstics m detail All of 
these accounts of heterotopic tissue in newborn 
infants and in adults hav e the microscopic struc- 
tuie of the glomeiular and fasciculai zones of 
the adrenal gland 

REPORT or A c \si: 

A white man aged 73 v ears entered St Luke’s Hos- 
pital, where routine examinations established a diag- 
nosis of glioma of the temporal lobe of the right cerebral 
hemisphere The postmortem examination, one month 
later, confirmed this diagnosis No lietcrotopic adrenal 
gland tissues were observed grosslv m the viscera, and 
these included the adult derivative structures of the 
wolffian ducts Each adrenal gland weighed 10 Gm and 
was not unusual Histologic examination of the testes 
showed the usual characteristics In the sections from 
one including the epididymis, the rete testis and the 
testicular tubules, a nodule of adrenal cortical tissue, 

4 by 1 mm in its external dimensions, was observed 
m the connective tissue outside the tunica albuginea 
posteriorly, at a level which corresponded to the level 
of the rete testis and between the tubules of the epi- 
didymis This tissue was partially encapsulated The 
cells ( A and B m the figure) corresponded in structure 
and arrangement to the glomerular and fascicular zones 

10 Ulrich, A Beitr z path Anat u z allg Path 
18 589, 1895 

11 Monserrat, J L, and Latienda, R I Arch Soc 
argent de anat norm v pat 5 367, 1943 

12 Jaffe, H L Arch Path 3 414, 1927 

13 Marsella, A Arch ital di urol 11 281, 1934 
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of the adrenal gland The cords of cells opposite to 
those partially encapsulated were in rows separated from 
each other by strands of fibrous connective tissue This 
histologic structure was identical with that character- 
izing the cells of cortical tissue Cells of the reticular 
zone, as well as aggregates of medullary tissues of the 
adrenal gland, were absent ' 


ctu red in the region of the testis and the epi- 
didymis The’ information available is not suf- 
ficient to establish the incidence of these nodules 
in newborn infants, older infants or adults They 
seem to be less frequent m adults Perhaps 
accessory nodules atrophy with age in the pres- 






A, photom.crograph (low power) illustrating the nodule of heterotopic adrenal gland tissue in the emdidvmis 
SS “^7" ^ Photo ml =„ Er aph .llustratmg the zonaf ar ra« 


SUM M -\RY 

Nodules of tissue repeating the structure of 
cortical adenoma of the adrenal gland and dis- 
placed along the course of the volffian duct or 
its adult dernative structures have been described 
frequently Of these, only a few nodules oc- 


ence of the usual adrenal gland tissues, but 
man) of them probably are not observed or 
recorded This repoit adds another to the few 
records of adrenal cortical adenoma heterotopic 
between the tubules of the epididymis and the 
rete testis in an aged man * • 



BRONCHIAL ASTHMA AND TUBERCULOSIS 


Pftfr A Herbutv M D , Philadelphia 


That bronchial asthma and pulmonaiy tuber- 
culosis can occur in the same patient at the same 
time is today a well established fact All recent 
and some not so recent publications deal with 
the subject fiom a puiely clinical approach 
Some authors studied the incidence of tuber- 
culosis in asthmatic patients, 1 whereas some 
leported the incidence of asthma in tubeiculous 
patients, 2 and others still made no statistical 
studies but simply descnbed the two diseases 
as occui 1 mg concomitantly m the same patients 3 
Since the incidence of asthma in patients with 
pulmonai} tuberculosis is given as only 0 25 
per cent to 3 1 pei cent 2 and the incidence of 
tuberculosis in asthmatic patients as 4 4 per 
cent, ld 6 per cent, lb 8 per cent lc and 10 per 
cent, 111 the numbei of deaths must be relatively 
few and the numbei of postmortem examinations 
fewei still At any rate, in none of the more 
recent publications is theie any mention of his- 
topathologic observations of the tiacheobron- 
chial tree in fatal cases of bronchial asthma 
associated with tuberculosis, and neither in these 
reports nor in a seaich of the medical hteratuie 
have I been able to find any leferences to such 
studies It is thus not appaient whether the two 
processes exist as independent and unrelated 
lesions oi whethei they are intimately inter- 
mingled Because of the paucity of infoimation 
on this point the following leport of a case is 
deemed worthy of publication 

• 

REPORT Or \ CASE 

A white woman 50 years old first began to have 
asthma at the age of 46 and for the last four jears 
before her death had increasingly more severe and moic 
frequent asthmatic seizures At first these were easily 
controlled by injections of epinephrine hydrochloride, 
but later this drug was less effective Her last attack 
started a week prior to her admission to the Jefferson 
Medical College Hospital, and because administration 
of both epinephrine and theophylline ethylenedianune did 
not alleviate her distress she was hospitalized She was 
markedly dyspneic, had wheezes over her entire chest 
and was semicomatose Caffeine and sodium benzoate 
U S P , epinephrine, theophj lime ethj lenedianune and 
oxygen, which was given continuously, were of no avail, 
and she died of suffocation tv'enty-four hours after 
admission 


From the Clinical Laboratories, Jeffeison Medical 
College Hospital • 

1 Harkavy, J , and Hebald, S Am Rev Tuberc 
21 644, 1950 Sterling, A J Allergy 1 185, 1929-1930 
Laub, S J Illinois M J 62 54, 1932 Fraenkel, 
E M Brit M J 2 513, 1934 

2 Locker, A M , and Davidson, AG J Allergy 
15 108, 1944 

3 Giffin, HZ Am J M Sc 142 869, 1911 


Roentgenograms of the chest were not made, and the 
only significant laboratory findings were a leukocvtc 
count of 28,200 cells per cubic millimeter with 90 per 
cent polymorphonuclear lcukocjtcs and 2 per cent 
eosinophils, a hea\y cloud of albumin in the urine, the 
presence of acetone and occasional pus cells and granu- 
lar casts in the mine, and a specific gravit} of 1038 
Although cutaneous tests for sensitivity to the common 
allergens were performed sometime before the last ill- 
ness and were said to be positive, the record does not 
contain a list of the substances to which the patient 
was sensitive 

Nccropsj, twelvc.houis after death, revealed the lungs 
to be voluminous, they filled the pleural cavities cntirelj 
and encroached on the mediastinum anteriorlv Their 
serosal surfaces were mottled light gra> and slate gra} 
.and entirely free of adhesions The lungs were light 
and feather}, weighing 220 and 460 Gin rcspectiveh 
Crepitations were fine and somewhat decreased Cut 
surfaces disclosed a soft pinkish grav, rather drv paren- 
ch}ma wherein the medium-sized bronchi and their sub- 
divisions were conspicuous because, although ot normal 
caliber, tlicj were filled to capacit} with thick stickv, 
tenacious, light gra}, mucoid material that pulled awav 
in long strings The mucosa of the large bronchi and 
the trachea was slightly congested, and the lumens con- 
tained less mucus tlnn did those of the more distal 
portions of the bronchial tree Immcdiatclj beneath the 
pleura and just lateral to the apex of the upper lobe 
of the left lung there was a firm, sharpl} circumscribed 
but not encapsulated nodule of fibrous tissue that 
measured approximate!} 1 cm in greatest diameter 
Grossl} it contained no evident areas of softening nor 
did it reveal an> tubercles at its peripher} There were 
no other fibrous or miliar} foci m cither lung The 
mediastinal Ijmph nodes were anthracotic but other- 
wise normal The heart weighed 300 Gm and 
the light side showed no hvpcrtrophv In none of the 
thoracic or abdominal organs was there am evidence of 
active tuberculosis In each maxillarj sinus the lining 
membrane was thickened to as much as 2 mm across 
The nasal mucosa was onl} moderated thickened An at- 
tempt was made to secure the lining of the sphenoid 
and ethmoid sinuses through the nose but this was un- 
successful The brain was not examined 

Routine sections were made of all the thoiacic and 
abdominal organs and in addition numerous sections of 
the left lung because it was available for reexamination 
The lining of the trachea and larger bronchi to an 
internal diameter of approximately 6 mm disclosed 
only those changes typical of bronchial asthma (fig 1) 
The lumen contained a varied amount of mucus and 
debris The trachea was either partially denuded of 
its lining epithelial cells or showed islands of fairly 
normal-appearing cells containing occasional droplets 
of mucus and m scattered areas covered with cilia The 
bronchi showed more denudation, more secretion and 
a complete absence of cilia The basement membrane 
throughout was broad, dense and hyaline The sub- 
mucosa showed considerable edema, congestion of the 
capillaries and a diffuse infiltration of polymorphonuclear 
leukocytes, plasma cells and lymphocytes Eosinophils 
were rather sparse in the trachea but became more 
numerous as the smaller bronchi were approached until 
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at about the 6 mm ramifications they constituted the 
principal type of cell In all the bronchi the smooth 
muscle layer was conspicuous The glands of the sub- 
mucosa in both the trachea and the bronchi were actively 
secreting 

Almost all of the bronchi whose internal diameters 
were less than 5 mm, together with the bronchioles 
and even the alveolar ducts, were filled with Cursch- 
mann’s spirals These consisted of twisted layers of 
fibrin, mucus, detritus, nuclear fragments, many eosino- 
phils and fewer plasma cells, lymphocytes and recog- 
nizable sloughed epithelial cells The underlying walls 
of these portions of the bronchial tree disclosed two 
distinct but intimately intermingled pathologic processes 
The first was a diffuse infiltration of the type seen in 
bronchial asthma, and the second was an acute granu- 
lomatous lesion approaching the type seen in the ful- 
minating “soft tubercle’’ type of tuberculosis The for- 
mer consisted of extension and accentuation of the lesion 
already described in connection with the trachea and 
larger bronchi (fig 2) Gradually the epithelial cells 
showed more and more replacement with large droplets 
of mucus until in the bronchioles only a few scattered 
cells were still recognizable as epithelial cells and even 
these were distorted by an abundant amount of mucoid 
material Cilia were not seen Everywhere the basement 
membrane was broadened, hyalinized and conspicuous 
The rest of the wall was greatly thickened and com- 
posed of a background of edematous fibrous and con- 
nective tissue wherein the muscle fibers and glands 
were partially or completely destroyed Capillaries were 
engorged and numerous There was a diffuse and dense 
infiltration of eosinophils and fewer plasma cells and 
ljmphocytes Whereas ordinarily this diffuse inflam- 
mation was confined to the bronchial and bronchiolar 
walls, it sometimes extended into the immediately ad- 
joining alveolar septums 

Throughout the walls of about two thirds of the 
smaller bronchi and bronchioles and extending from 
the basement membrane to the cartilages and even be- 
jond there was a second, granulomatous type of lesion 
(figs 2 and 3) This consisted of many small and fairly 
uniform-appearing foci composed of a central area of 
complete necrosis and a surrounding zone of perpen- 
dicularly arranged epithelioid cells While most of the 
latter were of the ordinary mononuclear variety, a few 
were grouped together to form rather spurious giant 
cells consisting of two to four eccentrically or periph- 
erally placed nuclei and an abundance of pink cytoplasm 
Immediately surrounding and partly infiltrating the zone 
of epithelioid cells there were a few plasma cells and 
h mphocytes, and these w ere in turn surrounded by 
•varied numbers of eosinophils The latter blended wuth 
the adjoining inflammatory reaction already described 
Although most of the tubercles were of the necrotic 
•variety, a few were more solid and in place of the 
central areas of necrosis disclosed collections of round 
or oval mononuclear or multinuclear giant cells inter- 
mingled with definite epithelioid cells In most of the 
smaller bronchi these granulomatous foci were confined 
to the bronchial walls, but in the bronchioles they were 
m direct communication with conglomerate foci of an 
exactly similar nature that infiltrated both the adjoining 
aheolar walls and the alveolar spaces (fig 4) 

Numerous sections of the apical scar of the left lung 
disclosed a mass of hjalimzed acellular fibrous tissue, 
which contained scattered deposits of carbon pigment’ 
Mong one border this hvahnized mass was covered 
with rather cellular fibrous tissue, the edges of which 
contained numerous active tubercles of the tvpe already 
described (fig 5) These infiltrated the alveolar sep- 


tums and spaces and, as in other portions of the lungs, 
were sometimes seen surrounding bronchioles Although 
serial sections were not made, several sections from each 
block did not disclose any areas of old necrosis oi cal- 
cification within the fibrous tissue Sections of other 
portions of each lung disclosed chronic emphysema 
alternating with areas of atelectasis None of the vessels 
showed recent, old or healed periarteritis nodosa Only 
those lymph nodes at the hilus of the left lung were 
available for histologic study, and none of them showed 
any evidence of recent or old tuberculosis 
Microscopic sections of the nasal mucosa disclosed a 
covering of nonciliated, nonsecretmg transitional epi- 
thelium several cell layers thick The basement mem- 
brane was thick and hyalinized The glands were 
numerous and actively secreting and were supported by 
dense fibrous tissue, which was infiltrated with lympho- 
cytes, plasma cells and scattered eosinophils Tubercles 
were not observed In each maxillary sinus the lining 
membrane was about ten times the normal thickness 
It was mostly denuded of its epithelium, having only 
a single or a double basilar layer of nonciliated cells 
(fig 6) As m the nose, the basement membrane was 
hyalinized and conspicuous The submucosa showed 
marked edema and was heavily infiltrated by eosino- 
phils and fewer plasma cells and lymphocytes The 
former were particularly abundant immediately beneath 
the basement membrane In this region there were also 
numerous tubercles of exactly the same structure as 
those already described m the lungs 
Giemsa-stamed sections of the lungs rendered particu- 
larly conspicuous the eosinophils and the necrotic foci 
of the tubercles but failed to disclose any bacteria, fungi 
or inclusion bodies m any of the lesions Acid-fast 
stains of duplicate sections disclosed many acid-fast 
granules but no tubercle bacilli Elastic tissue stains 
with Van Gieson’s counterstain showed complete dis- 
ruption of both the elastic tissue and the muscle bundles 
in areas involved with the granulomatous process 
Routine sections of the heart, all the abdominal organs 
and the marrow of the lumbar vertebrae failed to show 
either tubercles or periarteritis nodosa 

COMMENT 

That the patient whose case is described m 
this repoit had tiue bronchial asthma is borne 
out clinically by (1) the sudden appearance of 
typical attacks of asthma foui years previously 
which until the last attack were readily and 
completely controlled with epmephnne and (2) 
the fact that she was known to be sensitive to 
some of the commonei all ei gens, although the 
exact nature ot these was not disclosed m the 
recorded history The clinical impression of 
bronchial asthma is further supported by the 
lather typical patholgic changes observed in the 
lungs Grossly, they were voluminous, light, 
teatheiy and dr) -and the bronchi and bronchioles 
were filled to capacity with mucous plugs 
Microscopically, there were blocking of the lumens 
of the smaller bronchi and bronchioles with 
Curschmann's spirals, conveision of the epithelial 
cells into goblet cells, which were distended with 
mucus and showed a loss of their cilia, fyalmiza- 
tion and conspicuous widening of the basement 
membrane great thickening of the submucosa 
bv edematous connective and fibrous tissue and 
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Fig 1 — Section of a large bronchus in which the lumen contains debris, the wall is partiallv denuded of 
mucosa, the remaining epithelial cells are without cilia, the basement membrane is prominent and hyalinized, 
the submucosa is edematous and congested, with a cellular infiltration in which eosinophils are abundant, and 
the muscle bundles are prominent Hematoxylin and eosin, X 75 

Fig 2 — A small bronchus partially occluded with mucus and detritus The epithelium that remains contains 
■vacuoles The entire wall is greatly thickened by asthmatic granulation tissue in which eosinophils predominate 
and by numerous tubercles Hematoxylin and eosin , X 25 

Fig 3 — High magnification of bronchiolar tubercle Central area of necrosis is surrounded bj epithelioid and 
giant cells At the periphery are lymphocytes, plasma cells and farther out many eosinophils Gieinsa stain , X 200 
Fig 4 — Peribronchiolar tuberculous pneumonia with extension of this process to the walls of the bronchioles, 
which are already involved with a lesion typical of asthma Hematoxylin and eosin, X 37 5 

Fig 5 — Section from scar of apex of left lung showing from below up dense scar tissue containing carbon pig- 
ment, more cellular fibrous tissue and tubercles along “spreading border ” Hematoxylin and eosm , X 37 5 

Fig 6 — Section of the mucosa of the right antrum showing partial epithelial denudation with loss of the 
cilia of the remaining epithelial cells, prominence and hyahnization of the basement membrane, congestion and 
edema of the submucosa and diffuse infiltration by eosinophils To the right, immediately beneath the basement 
membrane, there are two small tubercles and a portion of a larger one Hematoxylin and eosin , X 75 
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diffusely infiltrating eosinophils, hypertropli} 
and hypei secretion of the submucosal glands and 
hj pertrophy of the muscle bundles of the bronchi 
These changes in the bronchial mucosa have often 
been described in the past, 4 and while they are 
considered as charactei istic of bronchial asthma 
by some authors they are considered as non- 
specific b) others 5 Rackemann 6 has recently 
stated that if one differentiates between true 
asthma and asthma-like conditions, particulaily 
in patients m whom asthma develops after the 
age of 40, one will find that the micioscopic 
changes in the bronchial tree are highly char- 
acteristic To this view I fully subscribe and 
therefore considei the histologic alterations de- 
scribed m this leport as specific for the disease 

What applies to the mucosa of the tracheo- 
bronchial tree applies equally to the mucosa of 
the nasal and paranasal sinuses of asthmatic 
patients Unfortunately, permission to examine 
the head and so the sphenoid, ethmoid and 
frontal sinuses was not granted, but it is reason- 
able to assume that the changes in these mem- 
branes were similar to those seen in the mucosa 
of the maxillary sinuses It is rathei surprising 
that, although histologic studies of the mucosa 
of the nasal and paranasal sinuses 7 and of the 
trachea, bronchi and bronchioles have been made 
independently on many occasions, both parts of 
the respiratory tract have seldom been studied 
in the same patient 8 In the case reported here 
it is clearly seen that the lesion of the upper 
portion of the respiratory tree is so similar to 
that of the lower portion that one could almost 
be superimposed on the other 

The diagnosis of tuberculosis in this case was 
based entirel) on the histologic appearance of 
the granulomas The peripheral collections of 
epithelioid and giant cells surrounding either 
central foci of eosinophilic necrosis or more 
densely arranged epithelioid and giant tells ap- 
peared to be midway between the “soft” and 
the "hard” tubercles described by Rich 9 The 
one disturbing factor uas the failure to demon- 
strate any definite tubercle bacilli which Rich 

4 ( a ) Huber, H L , and Koessler, K K Arch 

Int Med 30 6S9, 1922 ( b ) Kountz, W B , and Alex- 
ander, H L Arch Path 5 1003, 1928 (c) Thieme, 

E T , and Sheldon, J M J Allergy 9 246, 1938’ 
(d) Michael, P P , and Rowe, A H ibid 6 ISO, 
1934 (e) MacDonald, I G Ann Int Med 6 253’ 

1932 (/) Hildmg, A C Ann Otol , Rhm & Larynx’ 

52 5, 1943 y ° 

5 (a) Tuft, L Clinical Allergy, Philadelphia, W B 

Saunders Company 193/, p 327 ( b ) Lamson, R W , 

Butt, E M , and Stickler, M J Allergy 14 396, 1943 

6 Rackemann, F M Arch Int Med 73 248, 1944 
Lamson and others 5b 

7 Semenov, H JAMA 111 2189,1938 Grove, 
R C New York State J Med 41 455, 1941 

8 Kountz and Alexander 4b Michael and Rowe 

9 Rich, A R The Pathogenesis of Tuberculosis, 

Springfield, 111 , Charles C Thomas, Publisher, 1944 
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maintained is easy to do in the soft tubercles 
This failure may be explained by the fact that 
even the most lecent tubercles were not as 
acute as the "soft” tubercles referred to, as 
evidenced by the always present zone of epi- 
thelioid cells and scattered giant cells In such 
lesions one would expect fewer tubercle bacilli 
and so more difficulty in demonstrating them 
Acid-fast granules, howevei were present m 
most of the necrotic centers Because the lesion 
was not suspected at the time of necropsy, cul- 
tures lor tubercle bacilli and inoculations of 
guinea pigs weie not earned out Since “soft” 
tubercles, which the lesions here approach, are 
found only m hypersensitive persons, the dis- 
ease as described was a result of a reinfection, 
and the primal y tuberculous focus was lepre- 
sented by the apical scar in the upper lobe of 
the left lung Although a central area of casea- 
tion, such as those * which are sometimes seen 
to persist in such scais, was not noted, the 
spreading edge of this fibious nodule 9 was quite 
characteristic of a relighted tuberculous lesion 

The exact mechanism by which the tuberculous 
pi ocess was disseminated throughout the respira- 
tory system is difficult to ascertain with any 
degree of certainty There are three observa- 
tions, however, that point to an air-borne spread 
First, the infection was limited to the respiratory 
passages alone and was not found in the inter- 
vening parenchyma of the lung If the dis- 
semination had been blood borne, one would 
expect to find it throughout all portions of the 
lungs if a pulmonary artery was eroded, or 
throughout the entire body if the bacilli gained 
entiance into a pulmonary vein Second, the 
distribution of the tubercles was typical of that 
seen with an air-borne spread, namely, the pres- 
ence of small foci of tuberculous pneumonia 
beyond and about the bronchioles and alveolar 
ducts with a subsequent secondary involvement 
of the walls of these terminal portions of the 
bronchial tree 9 Third, however common pul- 
monary tuberculosis is, it is unusual to find 
tubeiculosis of the paranasal sinuses 10 The pres- 
ence of tubercles in the superficial portions of 
the mucous membranes of each antrum, that is, 
just beneath the basement membrane, bespeaks 
air-borne infection, for had it been blood borne 
the lesions would not only have been m the 
deeper portions of the submucosa but, as already 
stated, m the othei organs of the body as well 
Although the source of the aerogenous reinfec- 
tion was not absolutely divulged, it was prob- 
ably a reanimated focus m the upper lobe of the 
left lung Because, however, an area of old 
necrosis was not seen m that "healed” lesion, the 
following two alternate sources may be men- 
tioned^!) another more active focus m the 

10 Hersh, J H Arch Otolaryng 28^987, 1938 
Radner, D B , and Pinkerton, F J Am Rev Tuberc 
50 313, 1944 
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right lung which was not found but which had 
dischaiged its contents into a bronchus and (2) 
an entirely new exogenous infection 

Since the patient had both asthma and tubei- 
culosis, the final question to be answered is the 
extent to w'hich the tubeiculosis contributed to 
the asthmatic attacks Fiom a consideration of 
both the clinical and the pathologic data it is 
appaient (1) that the asthma w'as the initial 
and older lesion and that the tuberculosis was 
only more recently supei imposed, (2) that be- 
cause the tw'o lesions were so intimately inter- 
mingled the diameters of the terminal portions 
of the bronchial tiee w T eie narrowed not only 
by the asthmatic granulation tissue but b} the 
tubeicles as well, and therefore m this mannei 
each contributed to the obstiuction and the 
dyspnea, and (3) that m the areas of tuber- 
culous involvement the muscle bundles in the 
walls of the bronchi and bionchioles were com- 
pletely disiupted by the tubercles Although it 
is known that in status asthmaticus epinephrine ‘ ,n 
may have little oi no beneficial effect, the lack 
of response to this drug m the case leported 
here may have been related to the destruction 


of the muscle fibers While muscle spasm in 
the largei bronchi, whcic the bundles were intact, 
undoubtedly contributed to the severity of the 
asthmatic attacks and was probably relieved by 
the epinephrine, such relief was not possible m 
the moie penpheial portions where the muscles 
w T eie destroyed and the occlusion w 7 as due en- 
tirely to mucous plugs and thickening of the wall 
by cellulai infiltiation 

SbVAr \m 

That bronchial asthma and tuberculosis can 
occtu concomitantly in the same patient is well 
established, but the morphologic relationship ot 
the two diseases is not apparent from a review' 
of the literature In the case piesented a patient 
50 years old who died in status asthmaticus and 
m whom asthma had developed four years pre- 
viously w'as found on histologic examination to 
ha\e in the mucosa of the upper and lower 
respiratory tree an intimate intermingling ot 
asthmatic granulation tissue with tuberculous 
lesions It is concluded theiefore, that the latter 
can conti lbute appreciably to the occlusion ot 
the air passages and so to the asthmatic attacks 
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THE ADENOMA 

The enormous amount of hteiatuie on this 
topic proves the frequency of tumor formation 
in the hypoph) sis In 1914 Kraus, 1 aftei exam- 
ining 300 hypoph) ses m serial sections, stated 
that 25 glands were involved by adenoma, while 
13 showed adenomatous hypeiplasia Among 
1 000 unselected persons Castello 2 encoun- 
tered adenoma of the hypophysis in about 
1 of every 4 cases The gieatest incidence of 
adenoma occurred in peisons m the sixth decade 
of life, males and females were involved about 
equally Among 50 cases of primary tumor of 
the hypophysis Puestow 3 found adenoma in 
60 per cent, m 15 pei cent of which it was cai- 
cinomatous According to Kraus, 1 adenoma 
ini olves the hypophysis m 30 per cent of persons 
fiom 50 to 60 )eais of age, m 15 per cent of 
peisons from 30 to 50 and only in 6 pei cent 
of persons below’’ 20 years of age Eckei 4 inves- 
tigated the fi equency of small basophilic adenoma 
and found it in 54 of 721 hypophyses The 
fi equency of clnomophobe, chromophil and 
mixed adenoma was examined by Bailey, 5 wdio 
observed that the chiomophobe type w’as thiee 
times more fiequent than the two chromophil 
types The incidence of adenoma and ciamo- 
pharyngioma as compared with other mtia- 
ciamal blastomas becomes evident fiom Bailey’s 
statistical w’ork based on 2,000 cases Accord- 
ing to Bailey hypophysial adenoma lepiesents 
17 8 per cent and craniopharyngioma 4 3 pei 
cent of all mtiaciamal tumors A similar lesult 
was obtained by Henderson,* 5 wdio obseived 
h) pophysial adenoma in 17 pei cent of all pei- 
sons with tumoi of the brain 

The anatomic picture of hypophysial adenoma 
■vanes greatly While m some instances it is 
tmy and thus macroscopically haidl) discernible 

From the Department of Pathology, St Francis 
Hospital 
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m others theie is present a huge tumor mass 
pi otruding fiom the enoimously enlarged sella 
turcica and destroying the neighboring parts of 
the bram and the ciamal base by piessuie or 
infiltration oi both As long as it does not 
exceed a certain size, its growth takes place pre- 
dominantly in the lateial duection and dow’mvaid 
tow’aid the bottom of the sella, since the dia- 
plnagm of the sella withstands the abnoimal 
piessuie longei than the osseous wall of the 
sella With the adenoma growing largei, the 
entiance to the sella gets wider, and the tumor 
projects through the diaphragm into the ciamal 
space Thus an extrasellar portion of the tumor 
arises which sometimes consideiably exceeds in 
size the intrasellai poition The two portions, 
the intrasellar and the extiasellar, m typical 
cases are differentiated by a circulai ring of 
constnction giving an hourglass shape to the 
tumoi The largei growth may invade one or 
both cavernous sinuses, extend to the caiotid 
■vessels, destioy the sella and break into the 
sphenoid and ethmoid sinuses and eien into the 
nasophaiynx and the maxillary sinuses (Cush- 
ing 7 8 , Bailey and Cutlei s , Spaik and Billei 9 ) 
A tumor extending postenoily destioys the dor- 
sum sellae and the clivus, a tumor may pene- 
tiate the dura, grow outside the dura along the 
blood vessels and reentei the subdural space, 
foimmg nodules on the inner suiface of the dura 
Growing toward the foiamen opticum, the ade- 
noma may invade the orbits 

Gi owing tow’ai d the brain, the adenoma comes 
into contact with this oigan below, behind or m 
fiont of the optic chiasm This is pushed upwaid 
and becomes flattened, together with the optic 
tiacts and the optic nerves The optic neives 
become atrophic, sometimes constricted and even 
seiered as a lesult of pressure against the medial 
cerebral aitery or other blanches of the cucle 
of Willis In raie instances the chiasm is pei- 
f orated by the tumoi In its fuither growth, the 
adenoma buirows moie and more deeply into 
the diencephalon, causing atioph) and destruc- 
tion of the flooi of the third ventricle With 

7 Cushing, H Intracranial Tumors, Springfield, 
111 , Charles C Thomas, Publisher, 1932 

8 Baile\, O T, and Cutler, E C Arch Path 
29 368, 1940 

9 Spark, C, and Biller, S Arch Path 35 93 
1943 
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a largei tumoi the peduncles, occasionally the 
tempoial lobes and raiely the fiontal lobes aie 
pushed apait and compiessed by poitions of the 
tumor Sometimes the tumoi bleaks tlnough 
the flooi of the third ventricle and projects into 
the gieatly dilated ventncle, pushing apait the 
thalami optici and corpoia stnata and crowding 
out the fornix and the coipus callosum The 
tumoi may not only displace these stiuctures 
but mfiltiates them The question to what extent 
expansive, and to what extent mfiltiative, giowth 
has paiticipated in the destiuction of the adjacent 
paits is sometimes macioscopically hard to detei- 
mme Experience shows that even with can- 
cerous adenoma the destruction is due more to 
the piessuie exeited by the tumor than to infil- 
tration 

Besides the optic neives, other neivcs adjacent 
to the tumoi, such as the oculomotor and tioch- 
leai nerves, less fiequently the abducent 01 
tngeminal neives, aie crowded out, sti etched 
and flattened Thus paialysis of oculai nenes 
is not lare, as is shown by Wembergei, Adlei 
and Giant, 10 w T ho, among 160 cases of adenoma 
of the hypophysis, noted 14 m which paralysis 
of oculai nerves dominated the clinical picture 
(cavernous sinus syndrome) 

The lnjui) done by the adenoma to the re- 
mainder of the hypophysis vanes in seienty 
Even m some cases of adenoma of laige size 
the h} pophysis, lying at the base of the deepened 
sella, may be in a fairly good condition, w'heicas 
in other cases the hypophysis is destroyed oi 
reduced to a flat, atrophic structure Concen- 
trically arranged layeis of atrophic cells foimmg 
a thm shell fiequently aie found suriotinding 
the basal parts of the tumoi In case of pre- 
dominantly extrasellai growth, the hypophysial 
stalk becomes destioyed at an early stage of the 
advance In the vast majonty of cases adenoma 
arises from the anterioi lobe Basophilic ade- 
noma spungs from both the antenor and the 
posterioi lobe Occasionally the origin of ade- 
noma can be tiaced to foci of anterior lobe 
parenchyma dispersed along the cramopharyn- 
geal canal within the sphenoid bone If the ade- 
noma is eosinophilic in nature, aciomegaly may 
result 11 In rare instances adenoma stai ting f i om 
the pharyngeal hypophysis has been recorded It 
is represented by a retropharyngeal mass between 
the pharynx and the spine 12 

10 Weinberger, L J , Adler, F H , and Grant, F 
C Arch Ophth 24 1197, 1940 

11 Erdheim, J Beitr z path Anat u z allg Path 
46 233, 1909 

12 Leegard Norsk mag f ljegevidensk 78 829, 
1917 


Though adenoma ot the hypophysis frequently 
is cat anomalous, metastases are seldom ob- 
sei ved Multiple metastatic nodules in the lepto- 
meninges, even as far as the cauda equina, have 
been seen Extension of a carcinomatous ade- 
noma up to the occipital foramen, with the tumor 
bi caking into the pons, the medulla and the 
bulbus venae jugulans, with metastases to the 
lungs and the pleura, has also been observed 
An eosinophilic adenoma with metastases to the 
skeleton has been descubed by Vasiliu 13 , a 
carcinoma with abdominal metastases by Gil- 
mour 14 

There aie as many types of hjpophysial ade- 
noma as there are cell t\pes in the hypophysis 
The histogenesis of these tumoi s is expressed 
by placing beioie “adenoma'’ the name of the 
cell t\ pe from winch the adenoma has oi lgmated 
Thus one speaks about chief cell adenoma, fetal 
cell adenoma, pregnancy cell adenoma, eosin- 
ophilic adenoma and basophilic adenoma When 
moie than one cell type is represented in the 
adenoma, the tumor is called mixed cell adenoma 
Mixed cell adenoma is composed of (1) chief 
cells and transitional cells, (2) these cejls to- 
gether with chiomophihc cells (3) transitional 
and chromoplulic cells and (4) ietal cells and 
chief cells The term “malignant adenoma” is 
used oftcnei than the term “carcinoma ’ in order 
to emphasize the diiTeience which exists between 
these tumoi s and oidinary carcinoma It should 
be borne in mind that- tbe cells m carcinomatous 
adenoma aie not always diffeientiated enough 
enough to leveal their true histogenesis For 
instance, in the cases of carcinomatous adenoma 
without demonstiable sjiccific cell granules, the 
term “cat anomalous clnomophobic adenoma” 
might be used It also should be mentioned 
that the tumor cells in old eosinophilic adenoma 
may lose then specific gianules to such an extent 
that unless examined by specific methods thor- 
oughly, the eosinophilic chaiactei of the adenoma 
may be ovei looked This might have happened 
m some cases of “aciomegaly without eosin- 
ophilic adenoma ” 

While eosinophilic and clnomophobic forms 
of adenoma seem to arise almost exclusively m 
the antenoi lobe, basophilic adenoma is found, 
as said, m the antenoi as well as in the posterior 
lobe — m the formei, however, much more fre- 
quently than m the lattei In Cushing’s disease 
it has been seen m eithei lobe Crooke’s “hyalin 
change” of the basophilic cells, supposedly char- 
acteristic of Cushing’s disease, w ? as noted by 
Ecker 4 m 5 5 pei cent of cases of basophilic 

13 Vasiliu, T Virchows Arch f path Anat 276 
141, 1930 

14 Gilmour, MD J Path & Bact 35 265, 1932 
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adenoma without Cushing’s disease, whereas m 
the rest ot the cases the hypophysis w'as free 
of any such change Ecker, of couise, m these 
cases missed ballooning of the nuclei, excessive 
\ acuolation, tendency to multinucleation and 
general enlargement of cells It may be men- 
tioned here that basophilic adenoma, as a rule, 
does not attain the size of chromophobic or eosin- 
ophilic adenoma 

There is one type of chromophobic adenoma 
m which the cells are similai m shape and ar- 
rangement to those m the antenoi lobe during 
the very early stage of fetal life For this reason, 
Kraus, 1 who described the tumor first in 1914, 
called it fetal or fetal cell adenoma, since he 
assumed that it originated fiom remnants of 
these fetal cells, which aie sometimes found m 
the anterior lobe These tumois aie charac- 
tenzed by high cyhndric 01 fusiform cells ar- 
ranged m bandhke interlacing strands Thus 
arise cell palisades which, resting on the septums 
and the capillaiy walls, confer on the new giowth 
a characteristic appearance (Kraus 13 , Berb- 
hngei 16 , Shapno 17 ) Circumscribed hyper- 
plasia, as well as circumscribed nodules made up 
of these cells, are not lare Usually the nodules 
are small, however, m a case reported by Kiaus 
the tumor w'as the size of a hazelnut and infil- 
trated the hypophysial capsule as well as the 
adjacent parenchyma In carcinomatous types, 
diffuse proliferation of the tumor parenchyma 
without particular cell arrangement may be seen 
m some parts while the characteristic picture 
described is seen in other parts 

Anothei rare type is the so-called pregnancy 
cell adenoma which, as the name indicates, is 
made up of cells morphologically corresponding 
to the nonnal pregnancy cells These little 
nodules represent more a form of adenomatous 
hyperplasia than leal adenoma The structure 
of the hypophysial adenoma vanes, with the cells 
taking an alveolar or a perivascular or a diffuse 
arrangement, adenoma with papillary and in 
rare instances cylindromatous structures 18 also 
may be seen 

The adenoma in the hj pophysis sometimes 
seems to spring from a local cell hyperplasia 
showing a well defined contour only on one 
side whereas on the othei side the cells pro- 
liferate diffusely, merging into the adjacent 
hypophysial parenchyma To outline the new' 

15 Kraus, E J The Hjpophjsis, m Henke, F, and 
Lubarsch, O Handbuch der pathologischen Anatomie 
und Histologic, Berlin, Julius Springer, 1926, vol 8, p 
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growth from the neighboring cells m places 
where a distinct margin is missing, fat stains 
with osmium or sudan are used to differentiate 
the newly formed tissue from the normal paren- 
chyma The new' grow'th shows a lack of lipoids 
as compai ed with the considerable lipoid content 
of the nonnal tissue Such a nodule, partly 
w'lthout sharp outlines, is called adenomatous 
hypeiplasia It is not lare, especially in the 
poster 101 lobe, where it is made up of basophilic 
cells, evidently springing from the basophilic 
cells normally present m the posterior lobe 

The question as to whether the chromophilic 
adenoma originates fiom chief cells or exclusively 
fiom chromophilic cells has been discussed often * 
The fact that in some cases chief cells are piesent 
together with chromophilic cells, linked by tiansi- 
tional cells, seems to indicate that m at least 
some cases chromophilic adenoma springs from 
* chief cells which by furthei diffei entiation turn 
into chromophilic elements It is allow'able, 
however, to assume that chromophilic adenoma 
also arises directly fiom chromophilic cells as, 
for instance, m the posterior lobe, where baso- 
philic adenoma may be seen emerging from the 
basophilic cells regulaily found m this pait of 
the organ 

In some instances it might be difficult to dis- 
tinguish microscopically between simple and 
cancerous adenoma When infiltrative growth 
can be proved, theie cannot be any doubt of 
caicmoma The presence of gianules m the 
cells, although these cells may show high differ- 
entiation, is no proof of simple adenoma The 
most reliable sign of carcinoma aside from infil- 
trating grow'th is anaplasia of the tumor cells, 
chaiactenzed by irregularity in size and shape 
of cells and nuclei and by paiticularly large size 
of the latter, which exceed the size of nuclei m 
adenoma While alveolai airangement of the 
tumor cells is usually noted m adenoma, a more 
diffuse arrangement suggests carcinoma In 
instances of cancerous adenoma, the formation 
of cell strands is maintained, but these are 
broader than those in adenoma The frequently 
observed perivascular anangement of the tumor 
parenchyma is also suggestive of carcinoma 
This perivascular arrangement has caused, espe- 
cially m older publications, misinterpretation of 
adenoma as, for example, perithelioma, perivas- 
cular sarcoma oi angiosarcoma 

Infiltrative grow'th of basophilic adenoma in 
the posterior lobe is not always a' reliable cri- 
terion of carcinoma This adenoma springs from 
the basophilic cells, which physiologically in- 
vaded the postenor lobe by infiltration They 
ma) maintain this behavior, which of course does 
not prove that the grow'th is caicmoma, at least 
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as long as it remains confined to the postenoi 
lobe, only after it has invaded other structuies, 
can carcinoma be diagnosed In some instances 
adenoma turns into carcinoma — an incident that 
as far as the eosinophilic adenoma is concerned, 
accoiding to Spark and Biller, 0 occurs in about 
20 pei cent of the cases 

Reti ogressive lesions in cases of hypophysial 
adenoma are not raie They aie chiefly necrosis, 
hyaline degeneration of the intei stitial tissue and 
formation of hyaline concentnc-layeied bodies 
with or without calcification An adenoma with 
calcaieous concretions is called struma calculosa 
01 adenoma psammosum Calcification maj also 
'occui in the form of amorphous, megtilaily 
shaped calcium deposits Seveiai times petrified 
adenoma has been described as stone-haid m 
consistency and coarsely granulated on the cut 
surface (Kraus ID ) The microscopic picture 
may show numeious round psammous bodies, 
as those in the choroid plexus, closely approxi- 
mated, with little tumoi pai enchy ma left betv ecu 
them Psammous adenoma can be suggested 
from the loentgenogram, which discloses a sha- 
dow within the tumor (Deery 10 ) The same 
features, of course, are seal moie often m old 
forms of cramophaiyngioma which undergo 
calcification 

Among the cnculatory lesions in adenoma, 
hemonhages are most common In rare in- 
stances the wdiole adenoma may undeigo hemoi- 
lhagic infaiction, appaientlv due to tluombosis 
or pei haps compiession of veins An old hemoi- 
ihage may become encapsulated and foim a 
hemorrhagic cyst Tiauma may be the inciting 
cause of a hemoiihage in the tumor, as has 
been shown by Van Wagenen 20 Edema (to- 
gether with slight fibiosis) w'as seen by Gold- 
berg and Lisser 21 in an eosinophilic adenoma 
after it had been n radiated with loentgen rays 

To deteimme the site of ongin of adenoma is 
possible only when the tumoi is small The 
chief cell adenoma and the adenoma made up of 
transitional cells piefer the penpheial parts of 
the anterior lobe, the small piegnancy cell ade- 
noma affects the lateral paits, occuirmg espe- 
cially m the coiner between the border of the 
posterior lobe and the lateral portion of the 
capsule of the antenoi lobe The eosinophilic 
adenoma lies moie in the cential part and the 
basophilic adenoma in the central pait but close 
to the postenoi lobe or m the posterior lobe 
itself The fetal cell adenoma is found in both 
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the cential and the penpheral parts of the anterior 
lobe 

Idypoph) ses with adenoma sometimes show 
small so-called hennas, gaps up to 1 mm m 
width, m the capsule of the anterior lobe These 
contain piolapsed parenchyma, maj be single 
oi multiple and arise apparently w’hcre vessels 
pass through the capsule Increased piessure 
within the hypophysis may cause these small 
i uptures 

1 H L CRAXIOPII \R\XGIOM V 

The tumoi second in frequency to the ade- 
noma is the cramophary ngioma which is dern ed 
from the squamous epithelium of the former 
ciamopharyngial canal In many cases small 
gtoups of these cells are found m the anterior 
and supenor paits of the anterior lobe of the 
hypophysis as well as in the pars lnfundibulans 
When the craniopharyngioma springs from cell' 
groups dispei sed into the antenor lobe, an mtra- 
sellai ciamophary ngioma develops, when it 
aiises ftom cell groups in the pars mfundibularis, 
the result is a suprasellai craniopharyngioma 
While cramophaiyngioma in this location, espe- 
cially abo\c the sella, is not rare, only a feu 
cases ate known m which the tumor developed 
w'lthm the sphenoid bone, in the legion of the 
former ciamopharyngial canal proper (Zeit- 
lm 22 ) Why just the intrasphenoid cianio- 
pharyngioma appeals to be so rare can be ex- 
plained only by the fact that the epithelial rem- 
nants of the ciamophanngial canal do not peisist 
within the bone with the same frequency as m 
the aforementioned parts of the hypophysis 

There aie simple and caicmomatous forms of 
craniopharyngioma, partially solid, partialh 
cystic oi cystic-papillary' m stiuctuie In many 
cases both solid and cystic paits are seen These 
tumoi s laiy greatly' m size, attaining in raie 
cases the size of a man’s fist The intrasellar 
ciamophaiyngioma ciow'ds out the hy'pophysis, 
causing extreme ati ophy and widens and deepens 
the sella Glowing laigei, it piojects out ot 
the sella and displaces the neighboring dien- 
cephalon upw'ard It may destioy' the sella and 
even largei paits of the sphenoid bone as fat 
as the phaiyngeal w r all, pushing the lattei down- 
waid Growing tow aid the optic chiasm, it 
usually' invades the biain in fiont of the chiasm 
Nodular poitions of the ciamophaiyngioma can 
bieak into the lateial ventricle and into the 
fiontal lobes If the craniopharyngioma is can- 
cerous, it infiltrates the adjacent paits of the 
skull and the brain and sometimes sets up 
metastases to the biain Occasionally a can- 
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cerous ci amophai v ngioma bieaks through into 
the phaiynx aftei it has penetrated the cranial 
base along the blood vessels and nerves Meta- 
static nodules have been found m the ependyma 
of the fourth ventricle and may simulate laige 
ependymal granulations Metastases to the cer- 
Mcal lymph nodes also have been described 
Different pictures result when the cranio- 
pharyngioma spungs from the infundibular part 
ot the hypophysis (outside the sella tuicica) 

It then lies within the circle of Willis and behind 
the optic chiasm and is attached above to the base 
of the bram and below to the hypophysis The 
flooi of the third ventricle is pushed upwaid 
and is often extiemely thinned 01 even destioyed, 
with the lesult that a laige pait of the tumoi 
lodges v lthm the ventricle Sometimes the 
h}poph)sis is about normal, but moie often it 
is compressed The cucle of Willis may be lifted 
and stietcbed by the tumor, the optic nerves 
may be indented by one of the arteries and 
pressed between the growing tumor and the big 
artei les 01 they may even be seveied 

Histologically, ci amophai yngioma is chaiac- 
tenzed by typical prickle cells, which lack keiato- 
hyalme granules as well as cormfication The 
solid pai ts of the tumor are made up of squamous 
cell nests closely approximated and embedded 
in a fibrous stroma, only the penphery of these 
cell nests is built by a single layei of cylindnc 
epithelium Frequently there aie legiessive 
changes m both paienchyma and stroma, paitic- 
ularly hydropic degeneration, which by lique- 
faction often causes pseudocysts It is believed 
that the liquefaction is due to poor nutrition of 
the tissue from hyaline degeneration of the blood 
vessels 

If the whole cell nest is liquefied, the necrotic 
mass, stained red by eosm, lies amid the stroma, 
often sunounded by foieign body giant cells, 
or else it undeigoes calcification The ciamo- 
pharyngioma maj contain bone tissue which has 
developed from these calcified foci by meta- 
plasia - a Deposits of hemosidenn and cholesterol 
crj stals also are found in specimens of this 
tumor The piesence of bone and brown pig- 
ment, the lattei intei preted as melanin, has led 
to confusing ci amopharyngioma with teratoma 

In cvslic and c)stic papillaiv cramophai yn- 
gioma the lining of the cysts is made up of two or 
more layei s of epithelium, occasionally flattened 
bi the cyst content The lining shows a basal 
cell lajei and laveis of prickle cells, but -without 
keratmization Chaiactenstic are shaggy -vege- 
tations budding from the wall, being attached 

Critchlcj , M , and Ironside, R N Bram 49 437, 


to it either by a broad base 01 by thm stalks 
forming cauliflower-like structuies The papil- 
lae are covered by multilayered squamous epi- 
thelium and sometimes have an edematous 
stroma lich in blood vessels Destiuction of 
the epithelial lining by necrosis, piesence of' 
foieign body giant cells, deposition of calcium 
and cholestei ol and ossification are found in 
the cystic type as well as m the solid type The 
cystic content may be colorless, yellow biowmsh 
01 bi own-gi een , it may be sei ous, mucous oi 
gelatinous in natuie and sometimes shows a 
laige amount of glittering cholesterol ciystals 
Chaiactenstic of cramophai yngioma is its re- 
semblance to adamantinoma, which has caused 
many authois to call cramophai yngioma adaman- 
tinoma Finally it is quite typical of ciamo- 
pharyngioma that the carcinomatous type occurs 
more often m } oung persons, whei eas the simple 
form usually is found m oldei ones The two 
sexes are about equally involved 

OTHER PRIMARY TUMORS 

Little fibi omas ha\ e been seen m the hypophy- 
sial stalk as well as in the hypophysis piopei 
Jedhcka 18 has described a fibroma the size of 
a pea m the pais intermedia togethei vuth a 
paitially patent cramophai yngial canal m a 14 
year old child with macrospmia Hemangioma 
of the antenor lobe and lipoma of the postenoi 
lobe are rare A hypophysial chordoma -was 
observed by Goeike 24 A few instances of sai- 
coma of the hypophysis have been described 
such as the instance of fibiosarcoma lepoited 
b> Willis 23 Many cases of saicoma (angio- 
saicoma, lound cell sarcoma, perithelioma and 
others) descnbed m the old literatuie were mis- 
mteipieted instances of chiomophobic adenoma 
Glioma and ganglioneuroma of the postenoi lobe 
aie mentioned in the literature several times 
Globus 20 gave the name “mfundibuloma” to a 
tumoi of the hypophysial stalk duplicating the 
histologic appeal ance of the neurohypophysis 
Globus obseived the tumor m children 

Teiatoma also belongs to the rare tumoi s of 
the hypophysis or hypophysial region The 
hypophysis may be found compressed and 
atiophic beside the tumoi The cramopharyn- 
gial canal may be patent, as in a case repoited 
by Gautier , 27 m which the teratoma developed 
close to the cranial opening of the canal, pene- 
trated the antenor lobe and grew into the third 
-ventricle In the cases examined, colloid-filled 

24 Goerke, M Folia oto-laryng 20 9, 1930 

25 Willis, R A M J Australia 1 287, 1930 

26 Globus, J H J Neuropath & Exper Neurol 
1 59, 1942 

27 Gautier Frankfurt Ztschr f Path 19 247, 1916 
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cysts, teeth, bone cysts lined vuth ciliated epi- 
thelium, fat tissue, blood vessels, glia, ganglion 
cells and othei stiuctuies have been observed 
In other cases anlage material of almost all 
organs was found In fetuses and newborn in- 
fants complicated teratoma containing fetal parts 
has been obseived in connection with epignathus 
Usually tlieie is an mtiacianial portion in the 
sellai region in connection with a tumoi mass 
piotruding from the mouth, both paits being 
linked by a nariow middle part running tluough 
a defect in the sphenoid bone Thus the whole 
tumoi assumes the chaiacteristic shape of an 
houiglass (Baait de la Faille 28 , Kraus 20 ) A 
specimen described by the latter showed a teia- 
toma composed mamlj of anlage material of the 
brain and the eye with islands of caitilage and 
othei mesodermal derivatives Berbhnger 10 in 
his monogiaph cited a case icported by 
du Marchie Saivaas ' 10 in which in a bo} 12 jeais 
of age a huge teratoma had destroyed the In popli- 
}sis and the sella and penetrated into the nasal 
cavity The tumor contained bone, caitilage, 
various gland foimations (among them mucous 
glands), glia and other tissues 

Cholesteatoma has been descnbed sexctal 
tunes, though it seems not to occur in the hypopli- 
3 sis itself but in the lnfundibulai region It is 
of epidermal origin as proved bx the piesence of 
keratohyahne gianules xxlncli aie not found in 
craniopharyngioma In a case iccorded by 
Kraus 31 there xvas a cholesteatoma (the size of a 
hazelnut) lodged in the angle betxxeen the hypo- 
physial stalk and the upper suiface of the 
antei lor lobe, the latter not being mvolx ed by the 
tumoi In other cases a cholesteatoma develop- 
ing at the base of the bram may take the form of 
a large tumoi obliterating the hypophysis 32 

True cysts of the hypophysis aie not frequent 
The macroscopic distinction fiom cystic cranio- 
phatyngioma may be difficult to deteimine m 
some cases For instance, a cyst deiwed fiom 
the pars intermedia giossly may simulate c)stic 
cramophai yngioma Remnants of antei 101 lobe 
tissue lining the cyst facilitate the histologic 
diagnosis In most of the cases the cj'St of the 
pars intei media is mtiasellai and sepaiates the 
txvo lobes It can be lined b} r ciliated and also 

28 Baart de la Faille, cited by Kraus ir ' 

29 Kiaus, E J Virchoxvs Arch f path Anat 271 
546, 1929, in Schwalbe, E Morphologie der Miss- 
bildutigen des Menschen und der Tiere, edited by G 
B Gruber, Jena, Gustav Fischer, 1929, vol 3, p 32 

30 du Marchie Sarvaas, G J Fiankfurt Ztschr 
f Path 40 210, 1930 

31 Kraus, E J Med Klin 20 1290 and 1328, 1924 

32 Krumbhaar, E B M Clin North America 5 
927, 1921 Kraus « 


squamous epithelium (Fulstoxx , Jedhcka 1S ) 
A tumor in the region of the sella turcica which 
xx as lined with ciliated epithelium was described 
In Fiazier and Alpeis 34 and interpieted as a 
tiue tumoi of Rathke’s cleft In some instances 
the cyst is not folloxved b) clinical symptoms, 
in some, ho\xex r er, it has been obserxed to cause 
Simmonds’ disease testiculai atrophy (Jed- 
Iicka 1S ) and othei pathologic changes Whether 
or not thcie aie clinical sxmptoms depends on 
the size of the cx st and the degree of compression 
and atiophx of the In popln sis itself The size 
of the cx st x’aries from case to case , in the 
majont) it is not laige The size in a case 
described In' Jedhcka 5 by 3 S In 3 4 cm . must 
be legal ded as a rare size 

Another txpe of cx’st is the ependymal exst, 
usualh located xx ithin the infundibulum and lined' 
In ependyma Raich it becomes larger m size 
than in a case descnbed In Jedhcka m xxhiclTit 
dex eloped in the infundibulum, passed through 
the In popln sial stalk and the diaphragm of the 
sella into the sella and caused maiked pressure 
atrophx of the h) popln sis without hoxxexer, 
causing am endocrine sxmptoms 

MPTASTATIC TLMORS 

Metastatic carcinoma is found more frequently 
m the lnpoph}sis than metastatic sarcoma The 
most frequentlx obserxed metastases aie derwed 
fiom carcinoma of the bicast, the lung, the 
bi onchial ti ee and the tin roid gland, but records 
shoxx that caicmoma of the stomach, the pios- 
tate the kidnex and othei organs also metasta- 
sizes to the h)poph)sis Accoidmg to Wohl- 
xx’ill, 35 who thoioughly examined 177 persons 
xx ith carcinoma, hy pophysial metastases ai e rare , 
thex r occuned in only 5 peisons Metastatic 
carcinoma in the majontv of cases hist mxolxes 
the postenoi lobe, fiom which it often extends 
to the adjacent paits of the anterior lobe In 
some instances the entire hy popln sis is destroy ed 
b} cancel The anterioi lobe is the piimaiv 
site of the metastasis less fiequently than the 
postenoi lobe Theie can be a diffuse car- 
cinomatous infiltiation of the antei 101 lobe xxlnle 
the posterior lobe contains sex r eial small nodules 
Nodulai metastases of caicmoma m the antei 101 
lobe are rai e Carcinoma of the pi ostate usually 
inxades the sella hist and then progresses into 
the hypophysis Caicmoma of the nasophaiynx 
oi of the sphenoid sinus un admg the hypophysis 
xvas observed bx me in a fexv instances When 

33 Fulstoxx, AI Am J Path 4 87, 1928 

34 Frazier, C H , and Alpeis, J B Arch Neurol 
& Psycluat 32 973, 1934 

35 Wohlwill, F Deutsche Ztschr f Nerxenh 105 
62, 1928 
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mainly involving the postenor lobe, metastatic 
carcinoma may be a cause of diabetes insipidus 
Caicinoma of the bronchi, the breast, the thyroid 
gland and the stomach aie the most common 
t\ pes to metastasize thus Wohlwill 35 pointed 
to the interesting fact that in many cases of 
advanced carcinoma (in 45 among his 177 cases) 
the patient shows an unexpected well developed 
panniculus adiposus This can be explained 
partly by changes m the endocrine system and 
the vegetative centeis in the diencephalon In 
27 of WohlwiH’s cases it was his opinion that 
the cachexia associated with tumoi was pi e- 
\ented by the atiophy of the ovaues and the 
destruction of the hypophysis and the flooi of 
the third ventricle by metastatic tumoi 

Besides metastatic carcinoma, metastatic 
lvmphosarcoma, mesothelioma of the pleura 
and melanoblastoma aie mentioned in the liter- 
ature seveial times Cell emboli of melanoblas- 
toma caught in capillaries of the antenoi lobe 
hate been observed by me In a case of piimary 


melanosai comatosis of the leptomenmges I noted 
infiltration of the hypophysial stalk Metastatic 
sarcoma usually invades the hypophysis after 
it has destroyed the sphenoid bone Hematogen- 
ous metastasis of sarcoma as recently reported 
by Ki aus 36 in a case of primal y sarcoma of the 
uieter occurs less often than extension of sai- 
coma, as from the base of the skull oi from the 
phaijnx (Jedlicka 18 ) or from the dura or the 
brain, to the hypophjsis Such extension may 
cause diabetes insipidus (Beiblinger) 16 or adi- 
posogenital dystrophy Worms and Delater, 37 
howevei, leported a case in which there was 
complete destruction of the hypophysis by a 
nasopharyngeal lymphosarcoma without an) 
s)inptoms of hypophysial insufficiency It is 
also known that diabetes insipidus resulting 
from a metastasis m the posterior lobe may dis- 
appeai after the tumoi has invaded and destioyed 
the anterior lobe 

36 Kraus, E J Urol & Cutan Rev 48 522, 1944 

37 Worms and Delater Rev neurol 32 361, 1925 



Book Reviews 


Bronchial Asthma By Leon Unger, B S , MD, 
assistant professoi m the department of medicine, 
Northwestern University Medical School, Chicago 
Pp 724, with 123 illustrations Price §9 Spring- 
field, 111 Charles C Thomas, Publisher, 1945 

It is now about tw’enty -five years since the intensnc 
study of bionchial asthma as an allergic disease began 
This book by a pioneer clinician in this special field 
piesents the ad\ances m the understanding, the prc\cn- 
tion and the treatment of asthma during that time The 
first and longest section deals with the clinical side of 
allergic asthma — the causes, the pathologic appearances, 
the symptoms, the diagnosis, the prevention and the 
treatment There are chapters also on other allergic 
diseases and on the military aspects of asthma and othci 
allergies The historical chapter with its interesting 
portraits is noteworthy The second section describes 
the pieparation of the vanous allergenic extracts used 
in testing and treatment The appendix contains a mass 
of useful information about the sources of allergens, 
house dust, diets, instructions for patients and othei 
topics Each chapter is prouded with a concise sum- 
mary and a list of references In se\eial cases the 
references cover many pages The charts and the pho- 


tographs sene then purpose mceh Any one interested 
m allergic asthma will find this book a rich source ot 
information 

Trauma in Internal Diseases, with Consideration 
of Experimental Pathology and Medicolegal 
Aspects Rudolf A Stern, M D , assistant attend- 
ing physician, City Hospital, New York Pp 575 
Price $6 75 Xeu r York Grune & Stratton, 1945 

In 1899 the first edition of Rudolf Stern’s “Trau- 
nntischc Entstehung milerer Krankheiten” was published 
by Gustav Fischer The last majoi reusion of the 
German edition was made in 1930 by Richard Stern, 
son of Rudolf Although much of the present book has ' 
been taken almost icrbatim from the German text, it is 
more than a translation A considerable amount of 
new material, particularly from American authors, has 
been added The most serious fault of the book arises 
fiom the fact that the author, like lus predecessors, tends 
to designate as probable certain cause and effect rela- 
tionships tint would be better characterized as possible 
In spite of this, the book is to be regarded as a welcome 
addition to the clinical literature dealing wuth the 
ctiologic importance of mechanical injuries m the pro- 
duction of disease 


News and Comment 


Appointments and Retirements — James W Job- 
ling, Delafield professor of pathology and head of the 
department of pathology in the College of Physicians 
and Surgeons, Columbia Umveisity, New r York, will 
retire from routine and administrative w'ork on July 1 
next 

Helen Ingleby has resigned from the piofessoislnp of 
pathology in the Woman’s Medical College of Pennsyl- 
vama and will be pathologist of the Jewish Hospital in 
Philadelphia 

Andrew C Ivy, piofessor of physiology at the North- 
western University Medical School, has been appointed 
a member of the National Advisoiy Cancer Council of 
the United States Public Health Service 

Alvin M Pappenheimer, professor of pathology in the 
College of Physicians and Surgeons, Columbia Uni- 
versity, New York, will retire July 1 next 
Jeff Mmckler, formerly member of the department of 
pathology m the St Louis University School of Medi- 
cine, has been named assistant professor of pathology 
m the University of Oregon Medical School 
Harry Pratt Smith, professor and head of the depart- 
ment of pathology in the University of Iow’a, has been 
appointed professor and executive officer of the depart- 
ment of pathology in the College of Physicians and 
Surgeons, Columbia University, New York 

Death — Hans Sachs, formerly professoi of im- 
munology at the Unnersity of Heidelberg, Germany, 
who was connected with Trinity College in Dublin, 
Ii eland, Avhere he had a fellow'ship, died on March 28, 
1945 


Awards — Edwin J Cohn, prolessor of biochemistn 
at Harvard Medical School, is the first recipient of the 
Tassano Foundation Award of $5,000 This foundation 
was established m 1944 to aid m research which bears 
promise of clinical application The aw r ard was gi\en 
Dr Cohn in recognition of lus work on blood plasma 
At a recent meeting of the American Foundation for 
Tropical Medicine the Richaid Strong [Medal for out- 
standing sen ice in the field of tropical medicine was 
aw aided to Rear Admnal Edward R Stitt, former 
surgeon geneial of the United States Navy 

Fellowships — The Pcrmanente Foundation Hospital 
Oakland, Calif, offers fellowships for clinical research, 
paying $225 a month plus maintenance Requests for 
detailed information should be addressed to the fellow- 
ship committee of the hospital 

The Jessie Horton Koessler Fellowship of the Insti- 
tute of Medicine of Chicago for the aid of research m 
biochemistry, physiology, bacteriology or pathology will 
be available on Septembei 1 The stipend is §500 a 
year with the possibility of renewal for one or two 
years Applications must be approved by the head of a 
department in the fields mentioned or by the director ot 
a lesearch institute or laboratory in Chicago, and it is 
stipulated that the recipient of the fellowship shall be 
given adequate facilities for carrying out the proposed 
research Applications by letter with full information 
about the research should be sent to Dr Paul R Cannon, 
950 East Fifty-Ninth Stieet, Chicago 37, befoie July 1 
next 
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to avoid confusing the poikilocytes with ai tefacts 
Da Costa 73 stated that poikilocytosis is akin to 
crenation so far as the cells m both conditions 
may be similarly distorted and misshapen It 
is unlike cienation, howevei, for the reason that 
poikilocytosis is a pathologic condition, demon- 
stiable the moment the blood is withdiawn from 
the body, wheieas cienation is a physical phe- 
nomenon dependent on external influences for 
its production Crenation never occurs until the 
blood has lemained exposed to the air for some 
time Osgood and Ashworth 2b regal ded ci ena- 
tion as an aitefact pioduced by faulty piepaiation 
of the blood specimen and stated that the crenated 
foims may be diffeientiated hom the poikilo- 
c} tes by the regularly notched outline and 
nodulai surface which are characteristic of all 
of the cells in a particular area Kanelhs, ltf 
Cunningham, 4 and Wmtrobe 1Cn called attention 
to the possible confusion of poikilocytes with 
cienated erythiocytes produced artificially by 
trauma during the preparation of the blood film 
Othei physical influences which distort the 
shape of the red blood cell are (a) diluting the 
blood sample in saline solution, 17 ( b ) drying 
blood films slowly, 2b ( c ) heat, 18 (d) hemoi- 
rhage 3b and (c) irradiation with roentgen 
rays lb Different chemical substances have been 
shown to produce changes in normal erythro- 
cytes resulting in shapes which resemble poikilo- 
cytes Sodium chloride, 19 alkali dissolved from 
glass 20 mercuric chloride, 30 lecithin and choles- 
terol, lb and alanine 21 are some of the substances 
which will alter the shape of the red cells 

Research on poikilocytes occurring alone in 
animals is quite limited Its occurience m con- 
nection with human diseases has been studied 
m a secondary mannei Little is known concern- 
ing its cause and mechanism However, the 
appearance of poikilocytes has been observed and 
described as obsen ed m different species of 
animals and m human beings not only in dis- 
ease but also in health Man) workei s 22 observed 

17 (a) Apims, P Acta Univ latv, Vet Med Fak 
5 443, 1941, Vet Bull 11 194, 1941 ( b ) Gough, A 
Biochem J 18 202, 1924 

18 (a) Levy, J Arch Path 7 820, 1929 ( b ) 

Hahn, E V , and Gillespie, E B Arch Int Med 39 
233, 1927 (c) Ponder, E The Erythrocyte and the 

Action of Simple Haemolysins, Edinburgh, Oliver & 
Boyd, 1924 ( d ) Koeppe, H Arch f d ges Physiol 

99 33, 1903 (<?) Kanellis lb (/) Takeuchi ■ >b 

19 Rossle 3c Apims 1Ta 

20 Waller, W W J Phjsiol 56 218, 1922 

21 Nicolaeff, N M Folia haemat 42 116, 1930 

22 (a) Kilduffe, R A The Clinical Interpretation 

of Blood Examinations, Philadelphia, Lea &. Febiger, 
1931, p 200 (b) Quincke 13 (c) Kanelhs lb (d) 

Takeuchi 3b (c) Cunningham 4 (/) Da Costa 73 (g) 
Isaacs 12 


poikilocytes with many bizane shapes in blood 
fxom patients v ith pernicious anemia Takeuchi ,b 
iound filamented led blood cells and detached 
filaments in 69 per cent of observed cases ot 
tuberculosis, carcinoma, intestinal disorder and 
fevei, in addition to those seen m cases of 
pei nicious anemia Kilduffe 22a pointed out that 
abnoimally shaped erythroc)tes may appeal m 
any case of severe or long-standing anemia 
Elliptic red corpuscles, accoidmg to Floiman 
and Wmtrobe, 23 are noted in most cases of 
anemia, and sometimes moie than 25 per cent 
of the cells ai e affected Da Costa 7n reported the 
general occurience of small, slightly deformed 
poikilocytes in milder types of anemia and largei, 
extremely distorted poikilocytes m the more 
severe types Penati 14 associated ellipticall) de- 
formed erythrocytes with pernicious anemia, 
secondary anemia and hemolytic icterus, but he 
found no relationship between the intensit) of 
cell deformation and the severity of the anemia, 
although the deformed cells became less notice- 
able with amelioration of the anemia 

Sickle cell anemia (first named by Mason - 4 
in 1922 but first described by Herrick - c ) is a 
condition m which a specific and constant type 
of poikilocytosis is associated with anemia 
Huck, sb Sydenstricker 13 and Alden 25 observed 
the sickle cells in the blood of male and female 
patients characterized b) anemia and a tendenc) 
to have ulcers on the legs Sydenstricker 13 
reported sickle cell anemia occurring with 
abdominal pains and pathologic changes of the 
spleen Cells of peculiar sickle shapes w ere 
noted in tissue sections and blood films b\ 
Landon and Lyman 20 m 1929 According to 
Emmel, 93 the sickle cell trait appears to be 
hereditaiy and occuis most commonly in the 
Negro race although the reports of Hunter and 
Adams, 27 Lawrence 2S and Cooley and Lee 53 
showed the occunence of this condition in other 
laces Van den Bergh 29 and Huck sb demon- 
strated that this condition may be mheuted by 
eithei sex as a dominant trait 

Dameshek 10b repoited a type of anemia chai- 
actenzed by target cells, which constituted as 
much as 32 per cent of the erythrocytes, and 

23 Florman, A L , and Wmtrobe, M M Bull Johns 
Hopkins Hosp 63 209, 1938 

24 O’Roke, E C Proc Soc Exper Biol & Med 
34 738, 1936 

25 Alden, H S Am J M Sc 173 167, 1927 

26 Landon, J T, and L\man, A V 4.m T M Sc 
178 223, 1929 

27 Hunter, W C , and Adams, R B Ann Int Med 

2 1162, 1929 * 

28 Lawrence J S J Clin Im estigation 5 31, 1927 

29 Van den Bergh, A 4 Arch f Verdauung=kr 
43 65, 1928 
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resembling somewhat Cooley s sickle cell anemia 
He designated this condition “tai get-cell anemia” 
although this tvpe of cell w as found to be associ- 
ated with other types of anemia Bohiod 10-1 
stated that the target cells appear for a shoit time 
m acute types of anemia but disappeai as the 
er) throcyte count uses In chiomc types of 
anemia the taiget cells exist foi a long penod 
m quantities as great as 10 pei cent ot the 
erythrocytes Haden and Evans 0,1 observed tar- 
get cells m several different types of anemia but 
found them m great numbers m sickle cell 
anemia Wintrobe 1Ca associated ranous undif- 
fei entiated poikilocytes and target cells with 
Mediterranean anemia Isaacs 1_ m studies of 
blood films of patients having miliary lesions of 
the bone marrow observed abnormal shapes m 
some of the red blood cells The presence of 
poikilocytes m myelogenous leukemia and 
chlorosis w as indicated by Emmel 3,1 

Mrowka 30 leported the presence of led 
corpuscles of spindle or elliptic shape in the 
blood of horses suffering from infectious anemia 
Poisonous substances elaborated by many 
helminths wei e regarded by Hutyra and 
Marek 31 as a cause of poikilocytosis and anemia 
Bernhard 32 reported what he teimed “oval 
poikilocytosis,” which was accompanied by 
anemia and a splenic tumor Apims 33 observed 
filamented red blood cells in the blood of horses, 
cattle, sheep, dogs, cats, rabbits, pigs and chick- 
ens The filaments varied foi different animals 
m a distinctive manner Thin filaments were 
noted on the eiythrocytes of hogs, very long 
filaments on those of chickens and button-like 
structures on those of sheep and cats, and gran- 
ulation was noticeable m the red blood cells of 
the horse He gave no description of the erythro- 
cites observed m the blood of cattle O’Roke 24 
and Whitlock s observed sickle cells, stellate 
cells, rod-shaped cells and other poikilocytes m 
the blood of deer Hanke and Koessler 34 re- 
ported poikilocjtes m the blood of guinea pigs 
showing sjmptoms of scurvy The obseivation 
ot spindle-shaped poikiloc} tes in fowl’s blood 
was made by Gordon 35 

Yaw ter 30 made microscopic examinations of 
the blood of dairy cattle and found poikilocytosis 

30 Mrowka, F Vet Bull G 174, 1935 

31 Huh ra, F, and Marek, J Special Pathology 
and Therapeutics of the Diseases of Domestic Animals 
Chicago, Alev Eger, 1926, -\ol 2, p 339 

32 Bernhard, G Klin Wchnschr 6 1493, 1927 

33 Apims P Wien Tiernrztl Monatschr 23 680, 
1938 

34 Hanke, M T and Koessler, K K J Biol Chem 
SO 499, 1928 

m-e Gordon > L Virchows Arch f path Anat 262 
19oS, 1926 

36 Vav ter, L R Norden News 17 4, 1943 


associated with anaplasmosis He concluded that 
this is one of several clinical findings which dis- 
tinguish anaplasmosis fiom bacillary hemoglo- 
bmuiia (or red water disease) m dairy cattle 
Blount 37 noted a few sickle cells m the blood of 
a day old caff which he thought were artefacts 
He observed no poikilocytes m the normal adult 
bovine animal Neal and Ahmann 38 leported 
that amsocytosis and poikilocytosis were ob- 
seived m their studies of anemia m dairy calves 
of Flonda ICnoop and others 30 showed a 
photomicrograph of a blood smear from a milk- 
led calf with severe anemia which demonstrated 
extensive poikilocytosis 

Fiom a leview of the literature it is obvious 
that only limited studies have been made of 
poikilocytosis in bovine animals The object of 
this paper is to repot t the occurrence and the 
symptoms of poikilocytosis and the association 
of the condition w T ith health and disease of 
dairy animals receiving various farm rations 

PROCEDURE 

Calves of different ages representing Holstein, 
Guernsey, Jersey and Ayrshire breeds, cows represent- 
ing Holstein, Guernsey and Jersey breeds, 5 cows with 
fistula of the rumen in the herd of the Michigan State 
College and dairy animals in herds on farms of Michigan 
u’ere used in this investigation The major portion of 
the data, however, was derived from calves m the experi- 
mental herd of the Michigan State College 

The animals m most cases were bled weekly and often 
several times during the week Jugular blood was used 
for microscropic examination, hemoglobin determinations 
and other tests employed in the investigation All blood 
samples except those used for microscopic examination 
were collected in test tubes containing lithium citrate as 
the anticoagulant Since several authors have indicated 
that contamination with certain reagents and faulty 
mampulatidh in preparing a specimen for examination 
may result in artefacts which resemble the poikilocyte, all 
known precautions w^ere employed to avoid these errors 
Only freshly shed blood was used since the common anti- 
coagulants are salts capable of increasing the osmotic 
pressure sufficiently to effect possible alterations of shape 
Immediately after the blood v'as drawn, a small drop was 
placed on a clean side, spread over its surface with a 
clean coverslip and dried as rapidly as possible 

Some hanging drop preparations were made also as a 
check on the blood smears, with an isotonic solution of 
sodium chloride or blood plasma being used as the sus- 
pension medium A few drops of blood were drawn 
through a paraffin-lined rubber tube attached to a paraf- 
fin-hned bleeding needle which was submeiged below the 
surface of the suspension medium contained m a recep- 
tacle This apparatus prevents direct contact of the 
blood with the atmosphere The blood was mixed in the 
medium and the hanging drop was prepaied and sealed 
in a depression slide for microscopic examination 

37 Blount, W P Vet J 95 222, 1939 

30 3S /41 N ?937 W M ’ 3nd Ahmann ’ C F J Dair - V Sc 

39 Knoop, C E , Krauss, W E , and Washburn, 
R G J Dairj Sc 18 337, 1935 
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Weekly hemoglobin determinations were made by the 
method of Sanford, Sheard and Osterberg 40 Standard 
■procedures were employed for the blood cell count and 
the determination of cell volume 

RESULTS 

Incidence of Poikilocytosis —During the 
course of this investigation the hlood from 423 


Table 1 — ■ Distribution of Given Dcgiees of PoiLilo- 
cytosis m Affected Animals 


Percentage of 

Poikilocytes, 

Range 

Affected Animals 

Number 

Percentage 

1 

10 

81 

34 7 

11 

20 

31 

13 2 

21 

30 

21 

90 

31 

40 

13 

55 

41 

50 

19 

8 1 

51 

60 

15 

08 

G1 

70 

, 9 

38 

71 

80 

12 

51 

SI 

90 

18 

78 

91 

100 

14 

GO 


Total 

233 

100 0 

animals was studied, 

190 of which 

showed no 


evidence of poikilocytosis The number and 
the percentage of animals affected with poikilo- 
cytes and the percentage of jioikdocytes in the 
hlood are shown m table 1 In 78 animals the 
poikilocytes constituted more than 51 per cent 

Table 2 — Incidence of Poikilocvtosis m Tlnce Diffcicnl 
Herds in One Community 




Hemoglobin 



Percentage 

Content, 



of 

Gm per 

Red Blood 

Animal 

Poikilocj tes 

100 Cc 

Cell Count 


Unaffected Herd 


R1 

0 

13 7 


R2 

0 

12 5 


R3 

0 

112 

• 7,810,000 

m 

0 

12 5 


R5 

0 

101 


RG 

0 

117 


R7 

0 

12 8 

0,910,000 

R8 

0 

113 


R9 

0 

10 9 


R10 

0 

10 6 



Affected Herds 


N1 

78 

10 5 

8,380,000 

N2 

95 

114 

8,160,000 

N3 

95 

110 

N4 

50 

11 6 


T1 

50 

14 3 

7,480,000 

T2 

65 

13 3 

T3 

95 

10 5 

10,100,000 


of the total led blood cells, m 53 animals, more 
than 61 per cent, in 44, more than 71 pei cent, 
m 32, moie than 81 per cent, and in 14, moie 
than 91 per cent 

It was observed that one oi more heids m a 
community would tend to show a high incidence 


40 Sanford, A H , Sheard, C , and Osterberg, A E 
Am J Clin Path 3 405, 1933 


of poikilocytosis while the neighboring herd or 
herds would be entirely free from this condition 
Table 2 shows data on two herds with poikilocy- 
tosis and an unaffected herd in the same com- 
munity ' 

Biconcave Disk-Shaped Eiytlu ocytes — The 
microscopic observations of the blood smears 1 
from the 423 animals reveal that 190 had normal 1 
biconcave disk-shaped erythrocytes Symmetric; 
regularly outlined round corpuscles with trans- 
parent-appearing centers suggesting biconcavity 
were noted By the use of the hanging drop/ 
preparation, in which the eiythrocytes could be 
observed from many different angles, it was 
found that the predominant shape of the erythro- 
cytes in noimal, healthy dairy cattle is the bicon- 
cave disk Figure I shows a photomicrograph of 
a blood smear of a representative animal show- 
ing the normally shaped led corpuscles 

Poikilocytes — Almost all of the shapes of the 
poikilocytic cells described in the literature were 
obseived in this study In addition, many other 
bizarre forms were seen to which no descriptive 
name has been applied The most prevalent 
poikilocyte encountered consists of a ‘body” of 
variable shape and size from which tail-like 
structuies protrude The 'tail-like protrusions 
varied from 2 to 7 microns in length The num- 
ber of tails per cell commonly varied from one to 
five and were arranged in a haphazard fashion 
around the body of the cell Frequently, cells 
possessing a round “body” were observed to have 
one or two of the protruding structures The 
tail-like structures were a definite part of the 
cell and were stained homochi omically with the 
rest of the cell The severity of the poikilocytic 
condition seemed to be associated with the length 
of the tail-like protrusions Figuie 2 is a photo- 
micrograph of a blood smear showing many 
shapes of poikilocytes m the blood of a represen- 
tative animal 

Many other shapes suggestive of the following 
objects were seen urn, half moon, star, oval 
cell, sickle, tear drop, pipe, horseshoe, kidney, 
tennis racquet, Christmas tiee, gondola, toma- 
hawk, daggei, oat, sausage and gourd All of 
them often appeared with tail-like or filamented 
structures identical with those already described 
The degiee of distortion of cell and n regularity 
of shape was more accentuated m the bloods that 
contained the laiger numbers of poikilocytes 
The extreme contrasting appearance of noimal 
eiythiocytes and seveiely poikilocytic cells is 
best lllustiated by an examination of figuie' * 
and 2 

Cells with Ci citation Induced by Hypei tonic 
Saline Solution — It was observed early in this 



REID ET AL — POIKILOCYTOSIS IN DAIRY CATTLE 


355 


investigation that the possibility of confusing phenomenon was seen on the : surface of the 

poikilocytes with crenated corpuscles was slight corpuscle as well as at the periphery A coi 

C renation induced in normally shaped corpuscles panson of the poikilocytes in figure : 2 with t 

with 2 per cent saline solution is manifested by crenated forms in figure 3 evidences this obsei va 

a somewhat symmetric and regular arrangement tion The crenated shapes in gure are os 
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Fig 1 —Photomicrograph of a blood smear showing normal bovine biconcave disk-shaped erythrocytes, X 1,270 
F’g 2 — Photomicrograph of a blood «mear showing poikilocytic cells, X 1,270 

ct,n FlS 3 p Phot ° mi ^°f ^ ffP h of a Wood smear showing crenated cells produced from the same normal corpuscles 
c no\\n in figure 1, X 1,270 

•of nodular or short spmehke stiuctures around induced m the noimal coipuscles shown m fig- 

ie penpheiy of the corpuscle when viewed in a ure 1 with 2 per cent saline solution The regular 

oo smeai In hanging drop preparations this arrangement of nodules and other features of 
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the cienated ioims offei a shaip conti ast to the 
different bizarre iorms exhibited b}' the poilulo- 
cytes m figuie 2 

Sereral stages of cienation were observed 
which were apparently due to the seventy of the 
process In the eaily stage the coipuscle dis- 
plays slight wrinkling and bulging of the surface 
and the periphery Later in the process the 
wrinkled and bulged foci of the cell become moie 
intensified in the form of knobs or spinelike 
nodules These sti uctui es appeal to develop 
into longer, protruding coaise filaments, which 
are arranged in a regular fashion around the 
cell, and later finer, fuzzy, hairhke processes 
develop in place of the coaiser protrusions 

Health of Animals Affected zvith Poikilocy- 
tosis — The health of the animals whose blood 
showed 50 per cent or more of the total red 
corpuscles to be poikilocytes was usually sub- 
normal Anorexia was the outstanding symptom 
that accompanied high incidence of poikilocytosis 
In some instances, however, depiaved appetite 
was manifested by the animal’s chewing of wood 
Other symptoms shown by the affected animals 
were general thinness and roughness The hair 
was long and shaggy and had a hard, dry 
appearance Noticeable features shown by the 
young animals were a marked retardation of 
growth and a general unthrifty condition 

The poikilocytic status of the affected animals 
was not influenced b}' the plasma concentration 
of calcium, inorganic phosphorus or magnesium 
or by the hemoglobin content or the numbei of 
or the volume of led cells, since the values 
obtained did not reveal any constant feature that 
could be associated with the degree of serenty 
of the poikilocytosis 

COMMENT 

In order to make a study of poikilocytosis m 
dairy cattle it was necessary to establish a 
standard for the^normal shape of the eiythrocyte, 
especially since the reports in the literatuie are 
controversial and quite limited with regard to 
bovine animals The red corpuscles of animals 
which were apparently normal m all lespects 
showed a circular biconcave diskhke shape when 
observed m hanging drop or blood smeai prep- 
arations The hanging drop pieparation m 
which the corpuscles were suspended m either 
isotonic solution of sodium chloride or blood 
plasma was paiticularly adapted to the study 
of coipusculai shape “in vitro” since it pei nutted 
the obseivation of the coipuscle from many dif- 
ferent viewpoints The stained red cells in blood 
smears showed a round, regular outline and a 
heavily stained nm at the periphery of the cell 


with a light oi nonstaining inner portion, sug- 
gesting a biconcave disk shape as the normal 
erythrocyte shape No investigation has defi- 
nitely established the normal in vivo shape of the 
bovine erythrocyte, and the studies of the nor- 
mal shape m vitro are also lecorded in a some- 
what contradictory mannei The form observed 
m this study, however, is in close agreement 
with the bovine corpuscular shape described b} 
Blount 37 

Many im estigators have shown that normally 
shaped corpuscles manifest alterations m con- 
formation as a result of having been contami- 
nated by different physical and chemical agents 
during the pieparation of the blood specimen 
Since the occurrence of such artefacts would 
result m confusion in the study of cell shape, 
ev ery precaution was taken to avoid those agents 
vvhich are capable of effecting changes in the 
shape of the cells Crenated corpuscles w r ere 
reported 41 to be the artefacts most commonlv 
encountered and those most nearly resembling 
the poikilocytes It \Vas found during this inves- 
tigation that the chances of confusing the cre- 
nated forms with the poikilocytes were slight 
especially since only those cells in the latter 
stages of crenation bear any similarity to the 
poikilocytes The outstanding distinguishing 
characteristic observed was the regular arrange- 
ment of the protrusions from the crenated cell as 
compared noth the haphazard -arrangement of 
those of the poikilocyte 

Most of the studies of poikilocytosis repoited 
m the liteiature concerned its occurrence m 
man, and included the condition mainly as a 
secondary interest in connection w'lth other dis- 
eases Although the deformed red cells hare 
been obseived m the blood of several of the 
lowei animals, the repoits of the occurrence of 
these cells m the bovine t)pe of animal aie 
limited to their association with anemia in calves 
and wutli anaplasmosis m dairy cattle 

Assuming the normal “in vitro” erythiocyte of 
dairy cattle to be a cucular biconcave disk-shaped 
cell, many of the bizarie shapes of poilolocjtes 
descnbed m the literatuie w r ere observed in the 
blood of 233 of the 423 animals studied during 
this investigation Many of the deformed cor- 
puscles w'ere so irregulai in shape that no 
particular name could describe them The 
majonty of the poikilocytes observed m the 
blood of the animals severely affected with the 
disease w'eie geneially classifiable in the latter 
nondescript gi oup of poikilocytes Defoimed 
cells classed m this categoiy consisted of a 


41 Osgood and Ashw ortli 2b Da Costa Tn 
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body portion from which pseudopodium-like 
processes protruded which gave the poikilocyte 
a striking configuration The degree of cell dis- 
tortion seemed to be correlated directly with 
the severity of the condition, the erythrocytes 
of more severely affected animals manifesting the 
greater deformation This observation is m 
agreement with Da Costa’s 7a finding that the 
blood of human beings shows poikilocytosis 
In a given vicinity it was found that one entire 
herd would manifest the condition while a neigh- 
boring herd would be completely unaffected The 
condition appeared rather widespread, and the 
incidence of affected animals was high — 55 1 
per cent of the total number of animals studied 
Although an occasional mature animal mani- 
fested poikilocytosis, the young animals and the 
calves were more frequently affeGted Usually 
health was subnormal m animals whose blood 
showed 50 per cent or more of the total cor- 
puscles as poikilocytes, and at least 1 animal 
showed unthriftiness when only 35 per cent of 
the cells were poikilocytes 

The blood pictures of the affected animals 
failed to disclose any item that could be associ- 
ated constantly with poikilocytosis Amsocytosis 
appeared frequently in the blood of animals with 
normal erythrocytes as well as m the blood of 
those showing poikilocytes and was, therefore, 
not considered of any consequence Although 
the photomicrographs published by Knoop and 
co-workers 39 indicated the occuirence of poikilo- 
cytosis m association with severe anemia in 
cakes, the present investigation revealed that 
the hemoglobin content, the red blood cell count, 
the red blood cell volume and the aveiage coi- 
puscular hemoglobin values were independent 
not only of the incidence of poikilocytosis but 
also of the degree and severity of cell distortion 
The hemoglobin content of the blood of the af- 
fected animals ranged from 4 4 to 15 9 Gm pei 
hundred cubic centimeters of blood The blood 
of the animal which had the lowest hemoglobin 
ialue showed only 25 pei cent as main poikilo- 


cytes as the animal whose blood had the highest 
hemoglobin value It was observed, however, 
that many of the animals whose blood had a low 
hemoglobin concentration showed the presence of 
poikilocytes but that not all of the animals 
affected with poikilocytosis had a low concen- 
tration of hemoglobin in their blood 

In this study obseivation was made of some 
dairy herds manifesting poikilocytosis while 
neighboring herds were unaffected Since the 
rations fed to these animals varied greatly in 
kind and quality, it is assumed that the presence 
of poikilocytes in the blood was to a large extent 
attributable to a nutritional deficiency Some 
of the dietary factors involved in the control of 
poikilocytosis in dairy cattle will be presented m 
a subsequent papei 

SUMMARY 

Dairy cattle langmg from young calves to 
matuie cows were used m a study of the occur- 
rence and the symptoms of poikilocytosis 
The normal erythrocytes of dairy cattle “in 
\ itro” have a circular biconcave disk shape when 
observed from a surface view and ha\e the 
appearance of a dumbbell when observed from 
an edge view 

The possibility of confusing poikilocytes with 
the artefacts produced m crenation is negligible 
The distribution of poikilocytes among the 
233 affected animals vaned up to more than 91 
per cent of the red corpuscles (see table 1) 

The sy mptoms manifested by the animals with 
severe poikilocytosis w r ere anoiexia, thinness, 
unthriftmess, a dry and harsh condition of the 
hair coat and, m young animals, a retarded rate 
of growth Depraved appetite was frequently 
observed 

The occurience of poikilocytosis m dairy 
cattle is independent of the hemoglobin content, 
the number and the volume of red blood cells and 
the calcium, inorganic phosphoius and mag- 
nesium contents of the blood 
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Up to the present time (1945) twenty-two spe- 
cies of fungi belonging to ten genera and four 
families have been implicated m the production of 
the various types of maduromycosis In spite of 
this multiplicity of causes the different types clin- 
ically may resemble one another closely, and in 
some instances they may also resemble actino- 
mycosis, especially if the latter disease is confined 
to a lower extremity as is maduromycosis m many 
cases Clinically cases of maduromycosis may 
be divided into three groups In all of them the 
lesions are limited to the part which was origi- 
nally infected as the foot, the hand the knee the 
neck or the face Unlike the changes one finds 
m actinomycosis the deeper \iscera seem never 
to become involved, nor does it appear that 
maduromvcosis has been encounteied m cattle 
or other lowei animals In one group of cases 
the changes are confined to superficial structures 
in the form of granulomatous lesions of the skin 
or of the skin and the subcutaneous tissues In a 
second group of cases there are one 01 more 
circumscribed fibrous, fattv or, occasionalh , 
cystic nodules usually without ulceration of the 
overlying skin In 1 case belonging to this group 
a solitary tumor-hke growth on the dorsum of 
the foot had been present for eighteen y ears The 
third, and perhaps the commonest variety is 
characterized by' the presence of multiple sub- 
cutaneous nodules vaiymg in diameter from one 
to several centimeters These , nodules are 
movable painless and nontender Spontaneously', 
or sometimes as the result of lnjuiv the super- 
ficial nodules ruptuie and discharge mucopuiu- 
lent material containing white, vellow or black 
granules the color of the gianules depending on 
the type of fungus concerned Finally the affected 
part becomes riddled with sinuses which pene- 
trate muscle, fat and even bone 

Symmers and Sporer 1 hai e shown that there is 
a series of distinctive histologic changes in a 
variety' of black gram maduromycosis which is 

From the Laboratories of Pathology, Goldwater 
Memorial Hospital • 

1 Symmers, D , and Sporer, A Arch Path 37 
309, 1944 


caused by' the presence in the tissues of a fungus 
composed of septate and branching mycelial fila- 
ments and chlamydospores, the latter predomi- 
nating They described three types of granuloma 
of different degrees of maturity' occurring in the 
midst of cellular and well vascularized granula- 
tion tissue which is richly' infiltrated by' foam 
cells The ybungest granulomas consist almost 
exclusively of clumps of brownish black chlamy- 
dospores embedded in accumulations of poly- 
morphonuclear neutrophilic leukocytes The 
older granulomas are more or less sharply cir- 
cumscribed by connective tissue and most of them 
are ai ranged around collections of multinuclear 
giant cells containing phagocytosed necrotic 
chlamydospores In the case recorded by Sum- 
mers and Sporei efforts to cultivate the fungus 
on various artificial mediums were continued 
o\er a period of seveial months but w'eie unsuc- 
cessful The object of the piesent paper is to note 
the results of subsequent successful efforts to 
cultivate the causative fungus from the tissues 
of the same patient and to descnbe the changes 
produced by inoculating the subcutaneous tissues 
of rabbits w ith black grains freshly' removed from 
the patient's hand and with the fungus that was 
grown on artificial culture medium The patient 
from whom the fungus was isolated was a white 
man aged 67 a clerk, wdio stated that m 1935, tw’O 
vears before admission to the hospital, he fell 
and scraped his right hand on an old and partially 
decayed w'ooden floor, “picking up many sphn- 
teis” Tw'O oi three w'eeks later the right hand 
became swollen and multiple pustules appeared 
wnth black dots m them At the time of the pa- 
tient’s admission the hand w r as greatly' sw'ollen 
and show'ed many' nodular formations on both 
the palmar and the dorsal aspect Some of these 
nodules contained sinuses which discharged yel- 
lowish pus containing black granules The causa- 
tive fungus w'as recently identified by Dr C AY 
Emmons 2 as an organism which was first de- 
scribed by Langeron 6 in 1928 under the name of 

2 Emmons, C W Personal communication to the 
author 

3 Langeron, M Ann de parasitol 6 385, 1928 
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Torula jeanselmei and was isolated from maduro- 
mycosis of the foot However, Dr Emmons re- 
gards the fungus as a species of Phialophora and 
transfers it to that genus under the designation 
of Phialophora jeanselmei 

EXPERIMENTAL INOCULATION OF RABBITS 

Granules of fungus that had been freshly removed 
from the hand of a patient with maduromycosis or 
that had grown after inoculation on artificial culture 
medium (Sabouraud’s agar with 6 per cent dextrose and 
liver extract) were crushed in sterile salt solution and 
injected into the subcutaneous tissues of rabbits just 
below the level of the mterscapular fat pads This 
method of introduction was selected in order to dupli- 
cate as nearly as possible the route followed by the 
fungus when man is infected through the skin by pricks 
of contaminated thorns or as the result of other super- 
ficial and apparently trivial injuries Each rabbit was 
inoculated on only one occasion and at one point only, 
although liberal quantities of fungus were distributed 
through the point of injection into different areas cov- 
ering a radius of 4 or 5 cm It was thought that local 
reactions would occur resulting in the formation of 
multiple nodules corresponding to the places where the 
fungus had been deposited In this regard the results 
were disappointing The injected granules seemed in- 
variably to gather at a common point so that in each 
rabbit only a single nodule occurred The nodules were 
excised, with the animal under local anesthesia, at 
intervals varying from three to one hundred and twenty- 
six days The tissues were fixed in 4 per cent formal- 
dehyde solution and embedded in paraffin Microscopic 
examination showed essentially the same changes as 
those described by Sv miners and Sporer in a varietv 
of human maduromycosis As m man, the lesions in 
the rabbit consisted of localized granulomas of different 
degrees of maturity displayed against a background of 
moderately well -vascularized and cellulai or irregularly 
sclerotic granulation tissue In those nodules which 
followed injections of fungus directly removed from 
the patient the granulation tissue contained great num- 
bers of foam cells, and the granulomas were formed 
around necrotic and fused chlamydospores together with 
occasional necrotic mycelial filaments thus duplicating 
the histologic changes described by Symmers and Sporer 
m the tissues ot a human patient with maduromycosis 
On the other hand, m those nodules which were pro- 
duced experimentallv in rabbits by the artificially grown 
fungus, the granulomas were formed around apparently 
well preserved mycelial filaments and chlamj'dospores 

Reifenstein, Ferguson and Weiskotten 4 have shown 
that in physiologic circumstances the lymphocyte is the 
prevailing cell m the rabbit’s blood, polymorphonuclear 
neutrophils occurring in relatively small numbers 
Eosinophils are present in practically the same num- 
bers as in the blood of man From this it follows 
as a matter of no surprise that the earliest lnflamma- 
torv changes in experimental maduromycotic lesions 
m rabbits are attended bv preponderant exudation of 
Ivmphocytes, although in both the acute exudative and 
the chronic productive inflammatory' lesions it is aston- 
ishing to note how often there are great numbers of 
eosinophils 

I' or purposes ot comparison, rabbits were inoculated 
vith artificia lly grown fungus that had been suspended 

4 Reifenstein, G H , Ferguson, J H , and Weis- 
kotten, H G Am J Path 17 219, 1941 


m salt solution and autoclaved for fifteen minutes on 
three successive days at 260 C under a pressure of 
20 pounds (9 Kg) The structure of the autoclaved 
fungus appeared to be intact, and cultures were nega- 
tive During that period of experimentation on rabbits 
when it was desired to inject granules that had been 
removed directly from the patient and Rilled by auto- 
claving, no granules were available because all the 
sinuses in the patient’s hand were dosed and had 
apparently healed completely 

Granules that had been freshly removed from the 
sinuses m the patient’s hand were injected into rabbit 1 
April 26 On June 23, fifty-eight days after this injec- 
tion, a solitary subcutaneous fiodule had attained the 
size of 0 7 by 0 3 by 0 3 cm The nodule was elevated 
above the surface of a fat lobule to which it was 
attached and was well circumscribed It was faintly 
yellowish and speckled with black Occasional black 
specks lay free in the surrounding fat tissues without 
visible evidence of reaction around them Microscopi- 
cally, the nodule was surrounded by moderately well 
vascularized and cellular connective tissue, which m 
one or two places enclosed small lymph follicles The 
body of the nodule was composed of irregularly scle- 
rotic granulation tissue in which there were numbers 
of eosinophils, many fibroblasts, a sprinkling of lympho- 
cytes, innumerable foam cells and circumscribed granu- 
lomas in different stages of maturity The youngest 
granuloma was made up of collections of dark brown, 
degenerate and clumped chlamvdospores, along the 
edges of which were pinkish-staining short projections 
representing necrotic mycelial remnants, the whole em- 
bedded in collections of lymphocytes, polymorphonuclear 
neutrophilic leukocytes and eosinophils, many of them 
necrotic (fig 1) In other parts of the nodule there 
were numbers of rounded or oval mature granulomas 
which were encapsulated by fibroblastic connective 
tissue, enclosing variously sized clumps of similarly 
pigmented and necrotic chlamydospores and numbers 
of eosinophils In some of the encapsulated, mature 
granulomas there were multinucleai giant cells, which 
showed phagocytosed chlamydospores in their cytoplasm 
(fig 2) In other words, histologically, both the non- 
encapsulated, immature and the encapsulated, mature 
granulomas were practically identical with the same 
sort of granulomas which occur in the tissues of human 
patients with maduromycosis 

Two cubic centimeters of a suspension of living, arti- 
ficiallv grown fungus was injected into rabbit 2 June 7 
The animal died three days later At necropsy there 
were two small clumps of blackish material near the 
point of injection The tissues in the immediate vicinity 
appeared to be edematous Otherwise necropsy revealed 
nothing of note in the present connection Microscopic 
examination showed several large and small, rounded, 
oval or irregularly outlined clumps of brownish, appar- 
ently well preserved fungus surrounded by mantles of 
lymphocytes Beginning encapsulation was indicated 
by the presence of a delicate but incomplete layer of 
fibroblastic connective tissue (fig 3) The granulation 
tissue in the immediate proximity of most of the granu- 
lomas was edematous and contained scattered collec- 
tions of fungus with no indication of reaction around 
them 

Two cubic centimeters of a suspension of living, arti- 
ficially cultivated fungus was injected into rabbit 3- 
June 6 June 21, fifteen days after the injection, a 
nodule measuring 0 5 by 0 5 by 0 5 cm was removed 
from the subcutaneous tissues It was freely movable 
and sharply circumscribed On section the center 
of the nodule was composed of whitish, glistening firm 
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Fig 1 — Photomiciograph of an immature granuloma showing an irregularly outlined clump of pigmented 
chldmydospores and, at the periphery, numerous lightlv staining short projections representing necrotic mycelia, 
the whole embedded in a matrix of leukocytes From labbit 1, inoculated with black granules freshly remoied 
from a patient with maduromycosis of the hand , hematoxylin and eosin , paraffin section , X 396 

Fig 2 — Photonucrogi aph showing two matuie granulomas with clumped and pigmented chlamydospores The 
lower granuloma is almost completed encapsulated and shows multinuclear giant cells with phagocytosed clilann do- 
spores From rabbit 1 inoculated with black granules freshly removed from a patient with maduronncosis of the 
hand , hematoxylin and eosin , paraffin section , X 200 

Fig 3 — Photomicrograph of an immature granuloma showing a central collection of chlamjdospores, short 
mycelia at the periphery and an admixture of lymphocytes From rabbit 2 inoculated with liung, artificially 
grown fungus , hematoxylin and eosin paraffin section X 316 
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tissue while the jieripherv w'as light brown and nuinei- 
ous minute black specks were \ lsible in it Microscopic 
examination showed an edematous and delicate fibrillar 
connective tissue capsule At one side of the nodule, 
immediately under the capsule, w : ere large collections 
of lymphocytes scattered through which were clumps 
of brownish, apparently well preserved fungous cells 
To the inner side there w r as a large field made up of 
granulation tissue w'hich in places was richly vascular- 
ized by thm-walled capillary blood vessels lying m 
collections of eosinophils and moderate numbers of 
lymphocytes In other places the granulation tissue 
was traiersed by intercommunicating bands of poorly 
cellular, occasionally hyalimzed connectne tissue sur- 
rounding islands made up of capillary 7 blood -vessels, 
numerous eosinophils and a few 7 lymphocytes In one 
part there was a large granuloma which was circum- 
scribed by fibrillar connective tissue The body of the 
granuloma w as made up of a central collection of 
eosinophils, while m the immediate ncimty was a soli- 
tary multinuclear giant cell rimmed at one edge by a 
la-ver of brownish phagocytosed fungous cells (fig 4) 
Lying free in the tissues of the granuloma w 7 as a small 
mass of apparently well preserved fungus In still 
other places the granuloma contained several non- 
nucleated large protoplasmic bodies representing, prob- 
ably, immature giant cells 

A suspension of living, artificially cultivated fungus 
was injected into rabbit 8 June 6 July 10 it was 
noted that there was a freely mo\ able nodule imme- 
diately beneath the skin near the point of injection 
The nodule measured approximately 0 5 cm in length 
and was blackish The mass was removed August 2, 
fifty-seven days after the injection On removal the 
nodule w'as oral, measured 1 by 0 4 by 0 4 cm and 
w'as speckled with black It was surrounded by a 
smooth, glistening capsule In the immediate vicinity 
were several minute black granules which lay free in 
the tissues without any obvious reaction around them 
Microscopically, the nodule was surrounded by r a thin 
capsule of mature connective tissue The body of the 
nodule w'as made up of numerous large and small 
clumps of fungus consisting of apparently 7 well pre- 
served browmish chlamydospores and short segmented 
and occasionally branching mycelial filaments, likewise 
browmish, lying among masses of necrotic lymphocytes 
Large quantities of a suspension of living, artificially 
growm fungus w 7 ere injected September 26 into rabbit 
12 January 30, one hundred and tw 7 enty-six days 
later, a subcutaneous nodule w 7 as removed It measured 

0 8 by 0 8 bv 0 4 cm , and, on section, w as composed 
ot an outer smooth w'hitish hyaline layer and a core 

01 r ellowish granular material, each measuring about 
0 2 cm in thickness No black granules were visible 
to the unaided eve Microscopically, the outer part of 
the nodule was composed of thick hyalimzed connective 
tissue, beneath which there w 7 ere large numbers of 
fibroblasts and foam cells Frozen sections stained 
with sudan IV showed numerous fat globules m the 
ci topi asm of many of the fibroblasts and in all of the 
foam cells, the latter cells were ob\iously den\ed from 
the tormer The center of the nodule w as composed 
ot necrotic lymphoc\tes, among w'hich were variously 
nzed clumps ot appaienth well presened fungous cells 
Ling free oi enclosed in the c-v topi asm of multinucleai 
gnnt cells 

Large quantities of artificially grown lungus which 
hid been suspended m salt solution and killed by auto- 
claung were injected into labbit 6 June 28 Tuly I 
? quantity of blackish tissue measuring 0 6 by 0 4 b-v 
0 i cm was remoicd Microscopicalh it was com- 


posed of -variously sized collections of well presened 
brow msh fungous cells embedded in large accumulations 
of lymphocytes In some of the serial sections there w 7 as 
a solitary 7 immature small granuloma which contained 
a central collection of fungous cells surrounded by 7 a 
mantle of lymphocytes and, at the periphery, by a deli- 
cate layer of fibrillar connectne tissue, the whole cor- 
responding histologically to the youngest form of gran- 
uloma encountered m human maduromycosis and to 
the experimentally produced granuloma in rabbit 2 
A suspension of killed fungus w 7 as injected into rabbit 
11 July 28 September 20, fifty-four days later, a nodule 
w 7 as removed wduch measured 1 by 1 by 0 3 cm The 
nodule was covered by a filmy connective tissue capsule 
and was freely movable, it was mottled in pink, black 
and yellow 7 , lobulated, tense m consistency and flattened 
Microscopically, it was surrounded by an irregularly 
vascularized fibrillar connective tissue capsule The 
body of the nodule was composed almost exclusively 
of rather large rounded cells w 7 ith poorly chromatic, 
vesicular nuclei and pinkish-staining granular or finely 
reticulated cytoplasm, morphologically suggesting foam 
cells in miniature They were divided into islands of 
irregular shapes and sizes by intercommunicating bands 
of moderately well vascularized connective tissue In 
many of the islands, groups of eosinophils were to be 
seen with or without polymorphonuclear neutrophilic 
leukocytes Others enclosed collections of apparently 
well preserved browmish fungous cells (fig 5) In still 
others, groups of calcified chlamydospores were present 

COMMENT 

One of the advantages of reproducing human 
disease m lower animals is to provide a means 
for experimental methods of treatment It is 
believed that the histologic changes m that form 
of maduromycosis which is due to Phialophora 
jeanselmei have been sufficient!)' faithfully repro- 
duced in rabbits to furnish an acceptable approach 
for the use of experimental methods of therapy. 
In this form of maduromycosis the granules 
that are discharged from the sinuses m diseased 
tissues as well as the colonies which grow on arti- 
ficial culture mediums are composed of appar- 
ently well pieserved mycelial filaments and 
chlamydospores In microscopic preparations of 
diseased tissues the morphologic aspect of the 
fungus is noticeably changed, the organism oc- 
cuirmg almost exclusively m the form of disin- 
tegrated chlamydospores Mycelia, if present at 
all, are practically always neciotic When gran- 
ules aie removed directly from the discharging 
sinuses of the patient and aie injected subcu- 
taneously into labbits, the fungus appears m the 
labbits’ tissues in the form of similarly dismte- 
giated chlamydospores with oi without necrotic 
in) ceha On the othei hand, when the aitificially 
gioun fungus is injected into rabbits, the stiuc- 
tuie of the fungus remains apparently unchanged 
In those instances m wduch the oigamsm is de- 
stio)ed in the tissues it is not evident whether 
desti uction follows de-v itahzation or wdiether the 
ie\eise is true Howeter this may be it is ob- 
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Fig 4 — Photomicrograph showing mature, encapsulated granulomas The partially circumscribed granuloma 
-at the left contains a large central collection of eosinophils and at the lower right a multinuclear giant cell 
rimmed below by phagocvtosed fungous celts From rabbit 3, inoculated with living, artificially grown fun- 
gus , hematoxylin and eosin , paraffin section , X 135 

Fig 5 — Photomicrograph showing a solitary, partially encapsulated, mature granuloma At the center is a 
clump of fused fungous cells lying in a collection of eosinophils The greater part of the body of the granu- 
loma is composed of lightly staining cells suggesting miniature foam cells From rabbit 11, inoculated with 
killed, artificially grown fungus , hematoxyhn and eosm , paraffin section , X 90 
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vious that m ordei to determine experimentally 
the value of any therapeutic agent for use in 
this form of maduromycosis the source of the 
fungus must be known , that is to say, whether it 
is derived from diseased tissues or from artificial 
culture mediums 

In approaching the treatment of maduromy- 
cotic lesions in experimentally infected rabbits it 
seems logical to attempt first to learn the effect of 
various supposedly injurious agents on the fun- 
gus in vitro It has already happened several 
times in my experience that the fungus remained 
alive and its structure apparently intact after pro- 
longed exposure to substances of this description 
In another instance the fungus remained mor- 
phologically intact but had apparently been de- 


vitalized, since it could not be grown subse- 
quently on artificial culture mediums At all 
events, these are the general lines of procedure 
that are now being followed in efforts to deter- 
mine the value, if any, of various substances in 
the treatment of experimentally produced madu- 
romycotic lesions m rabbits 

CONCLUSION 

Phialophora jeanselmei when injected subcu- 
taneously into rabbits produces solitary non- 
ulcerative nodules which histologically are spe- 
cific and are closely comparable to the nodules in 
that form of maduromycosis in man which is 
caused by the same fungus 
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The teim “mycetoma’ was pioposed by Car- 
tel 1 to designate fungous infections of the sub- 
cutaneous tissues characterized by swelling, for- 
mation of sinuses and production of pus in which 
there are well organized mycotic granules The 
granules diffei m size, shape, baldness and color 
and in the morphology of the constituent hyphae, 
as Carter 2 pointed out As additional cases 
were investigated it became apparent that al- 
though the cases had certain clinical character- 
istics in common actually theie aie several types 
of mycetoma, depending on the identity of the 
etiologic agents The relationships of several 
species of fungi to cases of my cetoma were eluci- 
dated by Brumpt , 3 and Pinoy 4 pi oposed a di- 
vision into the actinomycoses caused by species 
of Actinomyces and Nocardia, and the “true 
mycetomas” caused by fungi of several unrelated 
genera having in common only the characteristic 
of largei hyphae than are found m Actinomyces 
Chalmers and Archibald s substituted the name 
“maduromycosis” foi “true mycetoma,” and this 
name has been used widely Some writers, how- 
evei, liaise used it as a synonym of “mycetoma” 
without lecognizing the distinction made by 
Chalmers and Archibald 

The choice of the name “maduromycosis” to 
designate the latter gioup of “true mycetomas” 
is perhaps unfortunate because of the derivation 
of the word and the heteiogeneity ot the tumois 
m the group According to Cai tei , 2 Colebi ook in- 
troduced into scientific literatuie the name “Ala- 
dura foot,” by which mycetoma of the foot was 
locally 7 known near A'ladui a, India and Biumpt 3 
cieated the name A'ladui ella foi a fungus causing 
it It is appaient, howevei fiom Cartel s lepoits 
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that from the eaihest studies a multiple causation 
w as recognized and that species of Nocardia w ere 
among the fungi causing A'ladura foot Subse- 
quently’’ the term “Madura foot” has been used 
lathei loosely to designate mycetoma of the foot 
in cases of diverse geogiaphic origin and cause 
Nine species of Madurella have been described, 
and besides these there are species in several other 
genera which cause similar tumors of the foot 
The latter fungi appear to be mycologically un- 
related to Aladurella (which may be itself a 
heterogeneous aggregation), and the lesions they r 
cause are not all like those of the originally 7 
described A'ladura foot It may 7 be questioned 
W'hethei the term “maduromycosis” designates 
this heterogeneous group any more conveniently 
than the original name, “mycetoma” Neither 
term is precise and both require supplementary 
labeling as to etiology in order to convey infor- 
mation about the true nature of a given case If 
“maduromycosis” is used it should be used m 
the restricted sense and not as a symonyun of 
“mycetoma ” 

Gammel 0 summarized more lecent know ledge 
about the fungi causing the tumors grouped as 
mycetoma and described as new two species 
which he had studied He lemarked that my co- 
logic knowledge about the fungi causing myce- 
toma was meager Unfortunately, this is still 
ti ue, owing in part to the fact that adequate my co- 
logic studies have not been made in many cases, 
and m pait to the fact that these fungi sometimes 
glow 7 abnonnally on agai cultuie mediums not 
leveahng then actual myeologic relationships 
These fungi need to be lestudied with special at- 
tention to the vai lability of strains and the conect 
intei pi etation ot abnormal oi equivocal struc- 
tuies This may make it possible, on the one 
hand, to i educe to synonymy some of the many 
species names now associated with these infec- 
tions and, on the other to deteimme the rela- 
tionships between geneia in which these species 

6 Gammel, J A Arch Dermat S_ Syph 15 241, 
1927 
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are now placed Recent obsen ations 7 have 
shown, for example, that Alleschena boydu is ihe 
ascocarpic form of Monosporium apiospermum 
(one of the most frequent causes of mycetoma m 
the United States) The relationship between 
these two forms had been suspected, hut direct 
proot of it had not been presented previously 
Symmers and Sporer 8 recently reported a 
case of mycetoma of the hand The fungus was 
isolated by Symmeis and used by him in experi- 
mental inoculation of rabbits, as repoited in a 
paper 9 accompanying this one The fungus is un- 
like those isolated in most cases of mycetoma 
How e\ er, it resembles closely a fungus w Inch w as 


small many being hollow with irregulai in- 
terruptions of the wall, as shown in sections 
(figs 3 and 4 of Symmers and Spoier, and figs 
2 and 6 of Langeron) Chlamydospores were 
conspicuous features of the granules in both cases 
In most cases, on the contrary, the granule is 
fiim, with a relatively dense structure composed 
of ladiatmg hyphae Exceptions have been listed 
by Langeron Clinical and histologic similanties 
m themselves are not conclusive evidence that 
the 2 cases had a common etiologic factor It is 
generally conceded that the fungus causing myce- 
toma in any case can be identified only after its 
isolation in pure culture The characteristics of 



Fig 1— A coloni of Phialophora jeanselmei comb n grown on modified Sabouiaud’s agar 


described as Torula jeanselmei by 7, Langeion 10 
after its isolation m a case of my cetoma l eported 
b\ Jeanselme, Huet and Lotte 11 The clinical 
changes m the latter case closely resembled those 
reported by Symmers and Sporer except that the 
foot rather than the hand w as lm olved In both 
cases the gianules w^ere unlike those seen in most 
instances of mycetoma They were i datively 
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the fungus isolated from the patient observed by 
Symmers and Sporei correspond closely to those 
of the fungus which Langeron described This 
fact togethei wuth the clinical and pathologic 
similanties, has led to the conclusion that the 
two strains are identical 

The fungus described m this paper when 
giown on modified Sabouiaud’s agar (Difco 
neopeptone 1 per cent, chemically pure dextrose 
2 pei cent) produces a colony which is dome 
shaped, with an entire maigm reaching <a dia- 
meter of 22 mm and a height of 5 mm after two 
weeks’ growth at 30 C (fig 1) The color ,s 
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“deep grayish olive ” 32 The surface is covered 
with delicate short aenal hyphae, giving the 
colony a fine plushhke appearance 

On glycerin agar slants after two weeks at 30 C 
a colony 1 to 1 5 mm wide appears along the line 
where spores were deposited at the tune of inocu- 
lation, and colonies reaching a diameter of 5 mm 
develop where larger pieces of inoculum lodged 
These colonies aie nearly black and appeal at 
first glance to be glabrous, but careful exami- 
nation with a lens shows numerous coremia or 
tapering hyphal aggregations rising from the 
surface The growth on horse meat infusion 
agar is similar In gelatin after two w r eeks’ 
growth at 30 C minute colonies de\elop at the 
bottom of the tube, but no liquefaction has been 
observed 

The fungus grows poorly on corn meal agar 
Some transfers failed to make any visible grow th, 
and others developed into very small, black, 
nearly glabrous colonies, almost microscopic in 
size No growth was apparent after two weeks 
at 30 C on glycermated potato plugs and litmus 
milk Indole w r as not formed 

Growth w'as better at 30 C than at either room 
temperature or 37 C 

Microscopic examination reveals dark-colored 
septate hyphae varying m diameter from 1 to 3 
microns (fig 2 A to F) Many hyphae, espe- 
cially those which first develop are toruloid (fig 
2 G to 7) The comdiophores are tubular (fig 
2 A, B, E and F) or flask shaped (fig 2 C and 
D ) and stand at an angle of 90 degrees or less 
from the vegetative hyphae Many are single 
and unbranched, but others are branched and may 
occur m groups Some are tubular and of neaily 
uniform diameter to a point near the distal end, 
W’here they taper to a narrow tip (fig 2 A, B, E 
and F) Others are uin shaped, tapenng toward 
both the base and the tip (fig 2 C and D ) In 
some cases the tip extends into a flaring cup 
(fig 2 C) The dimensions of the comdiophores 
are too variable to be of much value m identifying 
the fungus, but the tubular comdiophoies are 
usually 1 to 3 microns m diameter and 5 to 15 
microns long In addition to the morphologically 
well dififei entiated comdiophores, many hyphae 
bear conidia laterally on very short rudimentary 
comdiophores (fig 2 E), w f hich m many cases 
are little more than pegs or apiculate knobs on 
the hyphal w r alls In some cases this method of 
sporulation recalls that found m Pullulana pul- 
Iulans 

12 Ridgwav, R Color Standards and Color Nomen- 
clature, Washington, D C, The Author, 1912 


On all of the types of comdiophores described 1 
here the comdia are borne at the tip They are 
pushed out serially through an opening at the 
end of the comdiophore, w'here they collect m a 
group held together by some adhesive substance 
The comdia are hyaline or subhyahne, elliptic, 
and about 0 75 to 1 b} 1 to 2 microns in size 
Comdia which are borne at the agar surface or 
which come into contact with it continue to grow 7 , 
reaching a size of 2 to 3 by 4 to 5 microns or 
larger The walls of these large comdia contain 
the same hi ow r n pigment which colors the hyphae 
and the comdiophores When comdia at the agar 
surface increase m size, they usually bud m a 
yeastlike manner to form secondary comdia 

Despite the tendenc\ of comdia to cluster about 
the tips of comdiophores it is apparent that w’hen 
the mycelium is disturbed some comdia are readi- 
ly discharged from it If, in transferring a cul- 
ture one picks up a portion of dry sporulating 
mycelium and attempts to place it at the center 
of an agar plate, spores almost invariably are 
dropped along the way from the edge to the cen- 
ter of the Petri dish (fig 1) The actual mecha- 
nism of this spore discharge has not been deter- 
mined 

In attempting to identify this fungus one is 
struck at once b} the resemblance of a colony 
to that of Plualophora -verrucosa, an etiologic 
agent of chromoblastomycosis The color of a 
colpny grown on modified Sabouraud’s agar is 
practical!} identical watli that of a colony of the 
latter fungus but the rate of grow'th is slower, 
and this slow rate of growth is even more appar- 
ent on corn meal Czapek's and glycerin agars 
There is also a microscopic resemblance between 
the two species with respect to the biown vege- 
tative hyphae and the urn-shaped comdiophore 
w ith flaiing mouth How r e\ er, most of the comdi- 
ophores lack this plnaloform structure for which 
the genus w as named It may be mentioned mci- 
dentallv that this structure is also poorly de-v el- 
oped or sometimes lacking m some other species 
of the genus isolated from wood and originally 
described as species of Cadophora Despite a 
superficial resemblance to P verrucosa the fungus 
can be dififei entiated easily from that species by 
the greatei variability of its comdiophores, the 
somewdiat smaller size of the young comdia, a 
gi eater tendency of the comdia to produce sec- 
ondary comdia and’ its poor growth on certain 
mediums already mentioned, on which P ver- 
rucosa gnwvs readily Furthermore, P verrucosa 
grows m human tissue m the form of chlamydo- 
spores aggregated at most into small clusters, 
w'hereas this fungus forms granules a millimeter 
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or two in diametei It can be pointed out, how- 
ex ei, that m these gianules m both species 
chlamydospoies are conspicuous featuies and 
that the transition fiom a clustei of seveial 
chlamydospores (as m chromoblastomycosis) to 
a macioscopic granule (as m this type of myce- 
toma) would result if theie were more«iapid 
growth and cell division and a greater degree of 
adhesion between cells in the case of the larger 
gianule It therefore appears piopei to place this 
fungus in the genus Plnalophora, but it does not 
■correspond precisely to any species which ha\e 
been found described within that genus 

In all respects the fungus appears to be like 
the one Langeron described as Torula jeanselmei 
and this resemblance clearly appears in a com- 
parison of the lllustiations in figure 2 with the 
illustrations Langeron published as figuies 8 to 
12 In both fungi the giowth begins as a clustei 
of toruloid hyphae, many of which, as they de- 
velop, bear lateral buds and spores which aie not 
associated with morphologically differentiated 
conidiophores (fig 2 I) In oldei cultuies tubu- 
lar conidiophores are more clearly differentiated 
from the vegetative hyphae, and they bear termi- 
nal clusters of spores Langeron did not illus- 
trate the clustei of conidia at the tip ot a comdi- 
ophore, but the probable reason for this appears 
from a study of our fungus There is little ad- 
hesion between these conidia, and if mycelium 
containing these clusters of conidia is teased out 
in the usual manner for microscopic examination 
the conidia almost invariably float aw'ay The 
relationship illustrated in figure 2 A to F can be 
demonstrated only by a careful examination of 
slide cultures 

The comdiophoies illustrated m Langeion’s 
figures 11 and 12 are appaiently of the type il- 
lustrated here in figuie 2 C and D Langeion’s 
figure 12a illustrated the budding of conidia to 


form secondary conidia, which is commonly seen 
in oui stiam He did not illustrate conidiophores 
with fiaiing mouths Although a l-are comdi- 
ophoie ot this type, bearing an expanded apical 
stiucture as illustrated in figure 2 C, was found 
in oui sliain many have onh a very delicate 
Lubulai extension through v’lnch the spores are 
pushed out (fig 2D), and there is little apparent 
morphologic differentiation of this type at the 
fertile tip of most conidiophores The resem- 
blances between Langeron’s fungus and the one 
descnbed in this paper are so close that they 
aie consideied identical 

Langeron desci ibed his fungus as a new species 
of Torula placing it m that genus because of the 
budding natuie of the conidia and, presumably, 
because of the toruloid character of many hyphae 
These ai e rather indefinite characteristics for the 
coriect allocation of a species if other more defin- 
itive characteristics can be found The types 
of comdiophoies illustrated by Langeron (figs 
11 and 12) suggest the genus Plnalophora rather 
than Torula The species is therefore trans- 
ferred to that genus under the name Plnalophora 
jeanselmei (Langeron) comb n 

The fungus has been entered in the American 
Type Cultuie Collection yvhere it is listed as 
no 9541 

SUMM \R\ 

The my cologic charactenstics ot a fungus iso- 
lated from mycetoma of the hand are given The 
condition dec eloped after an injury in which 
splinters liom a wooden floor pierced the skin 
The fungus icsembles Plnalophora which is 
known to occui on w oocl It is specifically identi- 
fied w'lth Torula jeanselmei Langeron which was 
isolated fiom mycetoma of the foot This species 
is transferi ed to Plnalophora, the name becoming 
Plnalophora leanselmei comb n 
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Gingivitis and stomatitis die among the eailiest 
and most common symptoms of agi anulocytosis 
Necrotic ulcers occur 1 mg at the margins ot the 
gingiva are frequently encountered Jackson, 
Parker, Rmehait and Tayloi 1 observed otal 
lesions m each of 13 patients whom they studied 
Lichtenstein 2 i eported 27 cases of agranulocy- 
tosis, m 17 of which thete weie oial lesions 
Reviewing 43 cases from the hteiatuie Kastlin 3 
noticed an mflatnmatorj piocess of the oial 
lining m all cases and necrotic ulceis of the 
gingiva in 9 The earh appeal ance of gingivitis 
is remarkably well demonstrated m a case of 
recurring agranulocytosis observed by Cook' 1 , 
each of his patient’s foui subsequent attacks 
started with gingivitis For compiled data on 
oral lesions m agranulocytosis the leader is 
referred to the comprehensive review's by 
Appleton, 5 6 Cahn, G Epstein, 7 8 Hanzlik s and 
Watkins, 9 as ivell as to the standard textbooks 
on dentistry 

Despite their frequency, histologic examina- 
tion of gingival lesions is almost entirely lack- 
ing Most reports mention only the gross lesions 
Those reports containing histologic data usually 
give a general description of the necrotic lesions 
of the entire oral or oropharyngeal lining with- 
out specific reference to the gmgiva One of the 

From the Department of Medicine, Loyola Univer- 
sity School of Medicine (Captain Anday) and the Re- 
search Department of the School of Dentistry of Loyola 
University, Chicago College of Dental Surgery (Dr 
Orban) 

1 Jackson, H , Jr , Parker, F , Rhinehart, J , and 
Taylor, F H J A M A 97 1436, 1931 

2 Lichtenstein, A Acta med Scandmav, 1932, 
supp 49 

3 Kastlin, G Am J M Sc 173 799, 1927 

4 Cook, T J Am J Orthodontics 24 467, 580 
and 687, 1938 

5 Appleton, J L T , Jr Dent Cosmos 74 267 
and 371, 1932 

6 Cahn, L R J Am Dent A 28 909, 1941 

7 Epstein, C M Dent Digest 38 420, 1932 

8 Hanzlik, P J J Am Dent A 22 487, 1935 

9 Watkins, C H J Am Dent A 22 1934, 1935 


most lucid histologic descuptions of a neciotic 
tiicei on the posterior pharyngeal w r all is that of 
Ophuls, of foity-three yeais ago, repoited in 
the frequently quoted papei of Brown 10 Seveial 
similat descuptions ha\e been lecoided since 
the clinical pictuie of agi anulocytosis was 
descnbed b\ Schultz in 1922 Apart fiom 
the chaiactenstic necrosis, lack of pohmor- 
phonucleat leukocytes and edema little attention 
was paid to the differences in the cellular le- 
action of the tissues atound the lesion In 
Brown's 10 report the zone of infiltration around 
the necrosis w r as said to consist mostly of 
“epitheloid” cells, some lymphocytes and few 
polymoiphonucleai leukoc\tes A iew similar 
cells but no paiticulai zone of reaction was 
obseived around the oiophaiyngeal lesions by 
Lovett 11 Kastlin 3 and Rottei Marked lymph- 
ocytic and plasma cell infiltiation w'as pies- 
ent around the necrosis in a case i eported by 
Rottei 12 (tonsils) and m Plum s 13 cases (“neck 
oigans”) Petri 14 obseived in extensive ulcera- 
tions of the gasti ointestmal tiact lymphocytes, 
some histiocytes, plasma cells and large “1} mpho- 
cyte-like” cells 

The present histologic study was made on a 
biopsy specimen of the gingiva in a case of acute 
agranulocytosis The advantages of a fiesh 
biopsy specimen foi finei histologic study are 
ewdent Nevertheless, only one reference to a 
biopsy of the gmgiva in the liteiature appears 
to be available, that of Bernier, 15 although a 
detailed analysis of his case is lacking As far 

10 Brown, P K Am Med 3 649, 1902 

11 Lovett, B R J A M A 83 1498, 1924 

12 Rotter, W Virchows Arch f path Anat 258 
17, 1925 

13 Plum, P Clinical and Experimental Investiga- 
tions in Agranulocytosis, London, H K Lewis & Co , 
Ltd, 1937 

14 Petri, E Deutsche med Wclinschr 50 1017. 
1924 

15 Bernier, J L A Manual for the Differential 
Diagnosis of Oral Lesions, St Louis, C V Mosby 
Company, 1942 
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as could be ascertained, no other biopsy or 
detailed study of such a gingival lesion has been 
reported in the medical or the dental literature 

REPORT OF A CASE 

The case is one of those that were not recognized at 
an early stage of the disease A 26 year old woman 
was admitted to a hospital with high fever and m 
critical condition For the preceding two weeks she 
had been treated for “flu” and “trench mouth She 
had taken some drugs for the “flu,” but she could give 
no information as to what drugs or the amount ihe 
first blood count was made on admission At the same 
time the routine examinations were made, and tor 
differential diagnosis a biopsy specimen of one of the 
smaller ulceronecrotic lesions was obtained and a sternal 
puncture was made In smears from the gingival 
lesions, mostly fusiform bacilli and Vincent’s spirochetes 
were seen Blood transfusions and injections of pentnu- 
cleotide w'ere given However, after a brief declining 
course the patient died 

At admission the blood revealed moderate anemia 
with 2,900 white cells The differential count showed 
1 per cent eosinophils, 1 per cent basophil poljTnorphonu- 
clear leukocytes, 83 per cent lymphocytes, 9 per cent 
monocytes and 6 per cent Turk cells Two days later 
a second count showed a decrease in the w-hite cell 
count to 1,050, with a complete absence of polymorph- 
onuclear leukocytes , the differential count showed 92 
per cent lymphocytes, 5 per cent monocytes and 3 per 
cent Turk cells The red blood cells w'ere normal in 
size and shape, and the platelets were normal m number 
and appearance 

Microscopic examination of the marrow (obtained by 
sternal puncture) revealed large numbers of plasma 
cells Their basophilic cytoplasm contained a darker 
stained outer and a lighter stained inner zone Vacuoles 
in the cytoplasm w'ere frequent The nucleus was eccen- 
tric and had the typical cartwheel structure The 
plasma cells varied greatly m size, from 10 to 22 
microns, and many were binucleated and frequently 
arranged in groups (fig 1) , some were trmucleated (fig 
1, inset) 

Large phagocytic reticulum cells with an ill defined, 
light blue-stained cytoplasm and large, round nuclei 
were present, frequently in small groups (fig 1) The 
content of the cytoplasm of some of these reticulum 
cells indicated erythrophagocytosis The plasma cells 
and the reticulum cells were present in the largest 
numbers There w'ere also stem cells, normoblasts, 
some monocytes and a few lymphocytes No myelo- 
poietic cells were present except some disintegrating 
myelocytes The red blood cells were of normal size 
and shape , megakaryocytes were present in normal num- 
bers 

The blood smears revealed Turk cells that were 
greatly similar to the plasma cells of marrow They 


were round, and their cytoplasm was more basophilic 
than that of the plasma cells The nucleus, however, 
showed the typical cartwheel structure and a para- 
nuclear lighter-stained zone (fig 2) 

At the time of admission the patient had gingivitis 
and stomatitis The gingiva was swollen throughout, 
red, w'lth a velvety', glossy appearance It might be 
compared to intestinal mucous membrane There were 
necrotic areas of several gingival papillae m the lower 
as well as the upper jaw (fig 3) The tissues of the 
palate show’ed extensive ulceration and necrosis, espe- 
cially in the region of the incisors (fig 4) The margin 
of the ulceration was grayish, while in the center dark 
areas of necrotic tissues were seen, impregnated with 
blood 

The patient complained of severe pain in the entire 
oral cavity and could swallow only with difficulty The 
biopsy specimen was taken from the lower jaw, between 
the first and the second bicuspid on the left side When 
sectioned (fig 5) it revealed extensive necrosis of the 
gingiva, extending through the epithelium into the 
connective tissue The lesion was sharply limited toward 
the vital tissues This was typical coagulation necrosis 
with the gross outlines of tissues still present Some 
remnants of epithelium could still be seen Bacteria 
were scarce Below the necrotic area there was a nar- 
row zone of cellular accumulation 

The epithelial surface showed no keratmization The 
cells were somewhat flattened, but neither keratosis nor 
parakeratosis was present In the deeper layers of the 
epithelium edema was manifest The epithelial cells 
were separated from each other by wide spaces The 
edema was most extensive m the germinative layer. 
The subepithehal connective tissue was very edematous, 
showing only a few fibroblasts, blood vessels and wan- 
dering cells Some of the capillaries of this area wrere 
empty and contained only few lymphocytes and mono- 
cytes In the entire specimen only one polymorphonu- 
clear leukocyte could be observed, m a blood vessel 
The loose edematous tissue contained lymphocytes, 
monocytes and macrophages 

The borderline between the necrotic and the living 
tissue is of special interest The cellular elements in 
this area were mainly plasma cells and macrophages 
Polymorphonuclear leukocytes were absent Many of 
the plasma cells and macrophages showed signs of dis- 
integration in this zone Lymphocytes were scarce 
At some distance from the necrotic area but still 
close behind the zone of cell accumulation (fig 6) the 
cells rvere m better condition, necrosis being much less 
pronounced Plasma cells and macrophages dominated 
the field, there w'ere only few lymphocytes 

A striking feature of this specimen w r as the plasma 
cells In several regions there were plasma cells with 
tu’o nuclei, not only singly but in groups of two and 
more (fig 7) Some of the plasma cells were small , 
others, considerably enlarged, showung extensive amsocy- 
tosis Several trmucleated plasma cells of giant size 


Explanation of Figures 1 to 5 

Fig 1 — Sternal marrow , X 958 Mononuclear and bmuclear plasma cells and reticulum cells Plasma cells 
show anisocj tosis Trmucleated plasma cell, X 1,917 

Fig 2 — Blood smear showing a Turk cell, X 2,396 , 

Fig 3 — Ulceronecrotic lesion on the gingiva 
Fig 4 — Ulceronecrotic lesion on the palate 

Fig 5 — General view of a biopsy specimen of the gingiva, X 43 JJote the extensive necrosis and the narrow 
zone of infiltration bordering the necrotic area 
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were observed (fig 8) There W'ere mitotic figures in 
groups of plasma cells and also in cells within the 
edematous, loose subepithelial connective tissue The 
size of the mitotic cells would indicate that they w'ere 
plasma cells and macrophages 

In some capillaries a laigei numbei of liongranular 
mononuclear cells could be seen, these w'ere mainly 
lymphocytes and monocvtes In some instances these 
cells migrated from the capillanes into the surrounding 


COM MEN1 

The obscnations descubed aie focused on 
gingnitis and ncciotic ulcer 

The \ civet} quality , the translucencj and the 
red coloi of the swollen gingiva are due to 
changes of the epithelium and the subepithelial 
connectn e tissue, namel) , lack of keratinization m 



Fig 6 — Tissue close to the necrotic area m the gingiva, X 1,150 The cellular accumulation consists mainly 
of plasma cells and macrophages Only few lymphocytes are present 

Fig 7 — Gingiva showing several binucleated plasma cells in a group, X 1,342 A few lymphocytes, macro- 
phages and mononucleated plasma cells are present 

Fig 8 — Trmucleated plasma cell in the gingiva, X 2,300 

connective tissue The endothelial lining of the capil- 
laries revealed signs of activity The endothelial cells 
were more numerous and larger than normal, i e , 
swollen 


the superficial layeis of the epithelium, edema of 
the deep layers of the epithelium, and edema and 
hyperemia of the subepithelial connective tissue 
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The necrotic ulcei leveals neuosis lack of 
polymoiphonuclear leukocytes, edema and infil- 
trating plasma cells and macrophages The fn st 
three teatuies aie generally accepted character- 
istics of the necrotic lesion m agranulocytosis , 
the) usually appeal following the deciease m 
the neutiophil polymoiphonuclear leukocytes m 
the blood The closer mechanism by w Inch they 
are brought about is entirely unknown 

The changes m the gingival connective tissue 
Mere cliai acterized by a deciease in the numbeis 
of ceitain cells and by an mciease m those of 
others The cells which decreased in numbei 
were those of vascular origin Not only were the 
polymoiphonuclear leukocytes practicall) lack- 
ing but the lymphocytes and the monocytes 
were negligible in number From capillanes, 
crowded with large cells, only few Ijmphocyles 
and monocytes migrated into the tissues Among 
the fixed tissue cells the number of fibi oblasts 
was 1 educed 

Present in increased numbers w ere plasma 
cells and maciophages The plasma cells were 
slightly mci eased m numbei at the zone of in- 
filtration, they were still more numerous some- 
what farthei from the area of neciosis Changes 
in the quality of the cells also had taken place 
Binucleated cells in large numbers, frequently 
m gioups, and tnnucleated cells were likewise 
present Some binucleated plasma cells and very 
rarely a tnnucleated cell are observed in cases 
of common gingivitis In the described case 
theie was an apparent discrepancy between the 
modei ate ltyperplasia of the mononucleated and 
the relatively large number of multmucleated 
plasma cells 

The macrophages weie likewise increased m 
numbei Their cytoplasm and their nucleus vvei e 
enlarged and mitotic figures could be seen 

Altogether, it is emphaized that m reaction to 
the neciosis the gingiva even m the absence of 
polymorphonuclear leukocytes exhibited prolifer- 
atne changes, such as proliferation of plasma 
cells, maciophages and capillary endothelial cells 

In the present case the changes m the mai row 
showed nncioscopically certain similarities to 
the gingival changes In the marrow the leuko- 
cyte-forming cells w r ere lacking Present m 
increased numbers were plasma cells, many of 
which were binucleated and some tnnucleated 
Plasma cells aie normal inhabitants of the mar- 
row, although to a small extent (0 2 to 10 per 
cent) In the present case they far outnumbered 
the other cells The binucleated and tnnucleated 
torms appeared numerously and in a shape 
similar to that seen m the gingiva Also present 


m increased numbers w ere i eticulum cells show- 
ing ei ythi ophagocytosis 

The type of mairow seen in diffeient cases of 
agranulocytosis is not unifoim The described 
type is one of the most fiequent and has 
pi eviously been designated as ‘ aplastic” or 
“empt}” mairow Howevei, some reports refer 
to increased numbeis of stem cells oi plasma 
cells m such marrow patterns (Leys 10 , Roht 17 ) 
It is to the ci edit of Dai ling, Parker and Jack- 
son ,s that emphasis was placed on the fact that 
this seemingly “aplastic” mairow is actually 
hyperplastic with respect to plasma cells, stem 
cells and reticulum cells, which show more or 
less maiked piohferation 

There is, undoubtedly a sti iking sinnlanty 
m the behavioi of the plasma cells and the 
leticulai elements between the gingiva and the 
mariow In view' of this similarity it is ques- 
tionable whether these changes are purely local 
m character, confined to the inflammatory lesion 
of the gingiva and to the manow If they are 
of a more general chaiacter, a similar tissue 
reaction may be expected of other organs, 
wherever the plasma cells oi the much more 
widely distributed reticulum cells aie normally 
piesent Lacking am autopsy report, we 
searched for observations on this piobability m 
the literature There aie indications that in some 
cases plasma cells were piesent m more or less 
increased numbers in the lymph glands, the 
spleen, the peribronchial legion of the lung 
(Plum 13 ) and aiound necrotic lesions of the 
gastrointestinal tract (Lichtenstein 2 , Plum 13 ) 
Rotter 12 emphasized the hyperplasia and the 
hypertrophy of the reticuloendothelial cells of 
the spleen, the lymph nodes and the liver m 
each of his 6 cases Similar changes of the 
Kupffer cells of the livei were observed by 
Koch, 19 Hallei mann, 20 Oppikofer 21 and Plum 13 , 
wdiereas Lichtenstein 2 saw no change m the 
Kupffer cells The 1 eticulum cells of the lymph 
nodes and the spleen showed such changes 
(Dahlen and Wahlgren 22 , Piette 23 , Plum 13 ) 
The histologic observations of Petri 14 are of 
interest At the examination of necrotic ulcera- 

16 Leys, D Lancet 2 751, 1933 

17 Rohr, K Folia haemat 55 305, 1936 

18 Darling, R C , Parker, F , and Jackson, H , Tr 
Am J Path 12 1, 1936 

19 ICoch, W Zentralbl f alig Path u path Anat 
48 355, 1930 

20 Hallermann, W Folia haemat 42 1, 1930 

21 Oppikofer, E Beitr z path Anat u z alia- 

Path 85 165, 1930 S 

22 Dahlen, B , and Wahlgren, F Acta med Scandi- 
nav 65 407, 1926 

23 Piette, EC J A M A 84 1415, 1925 
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tions of the gastrointestinal tract she noted the 
same large “lymphoid-like” cells as in the mar- 
row 

It is worth while to emphasize these observa- 
tions with a purpose to stimulate systematic 
histologic examinations on extensive and well 
selected material, including that from patients 
with different types of agranulocytosis, with 
different gingival lesions and marrow structures 
(1 e , “maturation arrest” with myeloid hyper- 
plasia) The impression was gathered that the 
changes observed in the gingiva and the mar- 
row were not merely accidental or superficial 
They indicate, moreover, that, m the course of 
acute agranulocytosis, when the white cell for- 
mation is depressed, conditions are created 
which favor stimulation of plasma cells and 
reticulum cells We wish to point out the pos- 
sibility that the stimulation of certain cells maj 
not be confined to the marrow and the local 
necrotic lesion of the gingiva but may represent 
a reaction on a systemic scale It may be possible 
that such observations will ultimately result in an 
improved classification of cases of agranulocy- 
tosis 


SUMMARY 

In a case of acute agranulocytosis with ulcero- 
necrotic gingivitis the most characteristic 
features were lack of keratimzation of 
the epithelium and edema of the deeper 
epithelial layers, also edema and hyperemia of 
the subepithehal connectne tissue The necrotic 
area was suriounded by a narrow zone of infiltra- 
tion consisting of plasma cells, macrophages and 
a few lymphocytes Polymorphonuclear leuko- 
cjtes were absent Many binucleated and some 
tnnucleated plasma cells were noted Mitoses 
were present The capillar) endothelial cells 
w r ere swmllen Migration from the capillaries 
was reduced to a few r lymphocytes and mono- 
cles The tissue changes around the lesion 
W’ere moderatel} proliferative 

The sternal marrow lacked m)elopoietic cells 
but showed increased numbers of phagocytic 
reticulum cells and plasma cells, with man) 
binucleated and some tnnucleated forms, similar 
to those observed in the gingiva 

The question is raised whether the plasrno- 
cytic and the reticuloendothelial proliferation m 
the marrow as w r ell as in other tissues are parts 
of a systemic reaction 



AORTIC ABNORMALITIES IN DOGS USED 
FOR EXPERIMENTAL PURPOSES 


W C HUEPER, M D 

NFW YORK 


Mainly rabbits have been used in past decades 
for studies on experimental arteriosclerosis and 
atheromatosis, and a fair amount of information 
has therefore become available on the occurrence 
of the various types of so-called spontaneous 
arterial lesions m this species 1 The increasingly 
frequent use of dogs for such purposes in recent 
years 2 makes it desirable that adequate data on 
the occurrence, the frequency, the types and the 
distribution of “spontaneous” arterial lesions in 
dogs be collected, as such information is essential 

From Warner Institute for Therapeutic Research 
1 (a) Bennecke, A Virchows Arch f path Anat 
191 226, 1908 ( b ) Dominguez, H Arch Path 5 577, 
1928 (c) Fischer, B Verhandl d Kong f inn Med 
20 235, 1905 , Deutsche med Wchnschr 31 1713, 1905 
(d) Gouget, cited by von Leersum la (e) Hedinger, E , 
and Loeb, O Arch f exper Path u Pharmakol 56 
314, 1907 (/) Hornowski, J Virchows Arch f path 
Anat 215 280, 1914 (g) Israel, O ibid 86 299, 1881 
(/i) Johnstone, cited by Lowenthal 10 (i) Jores, L 
Beitr z path Anat u z allg Path 41 167, 1907 
0) Kaiserhng, C Klin Wchnschr 44 29, 1907 (k) 
Kalamkarow, cited by von Leersum 18 ' (Z) Kesten, H 
D Arch Path 20 1, 1935 (m) Loeb, O Deutsche 
med Wchnschr 39 1819, 1913 (») Levin, I, and 
Larkin, J H Proc Soc Exper Biol & Med 7 109, 
1910 (o) Lowenthal, K Kreislauforgane, in Jaffe, R 
Anatomie und Pathologic der Spontanerkrankungen der 
kleinen Laboratonumstiere, Berlin, Julius Springer, 
1931 (/>) Lucien, M , and Parisot, J Compt rend Soc 
de biol 64 917 and 919, 1908 (q) Miles, A B 
JAMA 49 1173, 1907 (r) Miller, J L J Exper 
Med 40 542, 1924 (s) Onadri, cited by von Leersum la ' 
(0 Ostertag, B Nervensystem, in Jaffe, R Anatomie 
und Pathologie der Spontanerkrankungen der kleinen 
Laboratonumstiere, Berlin, Julius Springer, 1931, p 514 
(«) Pearce, R M JAMA 51 1056, 1908 (v) 

von Rzentkowski, C Klin Wchnschr 41 830, 1904 
(to) Seegal, B C, and Seegal, D Arch Path 3 73, 
( r ) Seifned, O Die Krankneiten des Kaninchens 
mit besonderer Berucksichtigung der Infektions- und 
1 Q^ SIOns ^ ran ^ eiten > e d 2, Berlin, Julius Springer, 
P 235 (y) Stembiss, W Virchows Arch f 
P a ti Anat 212 152, 1913 (s) Thevenot, cited by von 
eersum 18 ( a ) von Leersum, M Virchows Arch 
path Anat 217 452, 1914 (6') Zeek, cited by Foot, 
w C Am J Path 10 705, 1934 

2 (a) Dragstedt, L R , Goodpasture, W C , Ver- 
plnn C ’ and Clark ’ L) E Am J Physiol 126 
Or’ 1939 W Dragstedt, L R , Clark, D Bs , Julian, 
o ’ vermeulen, C , and Goodpasture, W C Surgery 

lorn 3 ’oI 940 (c) Hue P er > W C Arch Path 27 466, 
1939 > 38 162, 1944 


for the reliable interpretation of experimental 
observations on canine arteriosclerosis 

It is unfoitunate that the mass of the existing 
data on this subject deals with dogs of a rela- 
tively advanced age, i e , animals which are used 
compaiatively rarely for experimental purposes 
and which for this reason are of little value when 
experimental results 3 are being analyzed The 
histologic examination of the aortas of 50 mongrel 
dogs was undertaken in an attempt to provide in- 
formation on arteriosclerosis occurring in the 
dogs ordinarily used in experiments 

experimental procedure 

Aortas were obtained .from 50 mongrel dogs which 
had been killed after being subjected to acute experi- 
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mentation carried out with the animals under pento- 
barbital sodium anesthesia and involving in most 
instances the testing of various vasoactive drugs The 
experiments lasted from three to eight hours and were 
terminated by an intravenous injection of ether The 

3 (a) Fox, H Arteriosclerosis in Lower Mammals 
and Birds Its Relation to the Disease in Man, in 
Cowdry, E V Arteriosclerosis, New York, The Mac- 
millan Company, 1933, p 152 (Zi) Kollisch, B Zur 
pathologischen Anatomie und Atiologie der sog Athero- 
sklerose der Arterien der Haustiere, Inaug Dissert, 
Berne, 1910 (c) Krause, C Beitr z path Anat u z 
allg Path 70 121, 1922, Virchows Arch f path 
Anat 289 352, 1933 (d) Lyding, H Ztschr f 
T termed 11 359, 1907, Zur Kenntms der Arterio- 
sklerose bei Haustieren, Inaug Dissert, Giessen, 1910 
( e ) Otto, C Virchows Arch f path Anat 203 352, 
1911 (/) Pallaske, G Frankfurt Ztschr f Path 40 
64, 1930 ( g ) Spiegel, A Virchows Arch f path 
Anat 231 224, 1911 (Ji) Stenius, P I Untersuch- 
ungen zur Kenntms der Altersveranderungen an den 
Blutgefassen des Hundes, Inaug Dissert , Leipzig, 1928 
(0 Thoma, cited by Bennecke 18 (;) Wolkoff, K 
Virchows Arch f path Anat 252 208, 1924 ( k ) 
Zinserling, W D Beitr z path Anat u z allg Path 
88 241, 1932 , 94 20, 1934 
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aorta was dissected out m its entile length, leaving a 
small portion of the cardiac interventricular septum and 
the first parts of all the branches attached to the mam 
vessel This was then cut open lengthwise and rolled 
up In this form it was carried through the usual 
histologic technical procedures of dehydration and 


infiltration Sections were .cut trom the paraffin blocks 
m such a way that they represented longitudinal sections 
through the entire aorta The sections were stained with 
hematoxylin-cosin, with Hart’s modification of Weigert’s 
elastic tissue stain and with Van Gieson’s stain lor 
connective tissue 



Fig 1 — Crowding and fragmentation of elastic fibrils m a fibrohyahne area of the outer part of the media in 
the region of the aortic arch 

Fig 2 — Perivascular focal interruptions of the elastic membranes of the media in the ascending portion of the 
aorta * 

Fig 3 — Edematous mtimal thickening covering an edematous media in the ascending portion of the aorta 
Fig 4 — Cushion-like fibrous thickening in the abdominal portion of the aorta 
Fig 5 — Large fibrohyaline thickening of the low'er abdominal part of the aorta 
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The ages of 5 of the 50 dogs were known One was 
over 8 years, a second 5 years, a third 3 yeais and the 
fourth and fifth 1 5 years old Inasmuch as it seemed to 
be important to ascertain some information concerning 
the approximate ages of the rest of the dogs included 
m this series, the ages of 174 mongrel dogs used later on 
in the Institute were estimated fiom the condition of 
their teeth The age distribution shown in the table 
was obtained 

Ninety per cent of the dogs studied w'eie thus in the 
age range of 1 to 4 years, when “spontaneous” arterio- 
sclerosis is said to be absent in dogs 4 A similar age 
distribution presumably pi evaded among the animals 
whose aortas W'ere imestigated 


OBSERVATIONS 


The histologic examination showed that the 
inner third of the media of the ascending poition 
of the aorta and often also of the proximal pait 
ot the aich w r as mildly, model ately or seveiely 
edematous m most dogs The muscle bundles 
were separated fiom each other by an irregular 
and loose felt of fine fibiils or stung)'' mattei 
staining red with Weigeit’s connective tissue 
stain The elastic membianes in this legion w r eie 
usually fi agrnented and deranged with the excep- 
tion of the innermost paits where as a rule, a 
dense felt of fine elastic fibiils u'as piesent leplac- 
mg there an internal elastic membiane In the 
descending poitions of the aorta a well devel- 
oped internal elastic membiane was seen The 
elastic tissue m the media w r as well formed, and 
the fibrils here were lather thick, particularly in 
the outer part of the media Wherever these 
structures loined those of the branches a rela- 
tnely sudden change m vascular structuie oc- 
curred The elastic tissue shifted almost entirely 
into the outer part of the media, where several 
thick membranes fonned an external elastic coat 
which surrounded the inner parts of the muscular 
media containing scant) and delicate elastic 
fibrils The muscular tissue m the branches was 
arranged in definite bundles, which contrasted 
with the homogeneous muscular coat of the aoitic 
media 


In 6 of the 50 dogs a fibrohyalme scar was 
found in the outer part of the media appioxi- 
mately 3 to 5 cm distal from the aortic base 
The cicatricial tissue contained usually a nioder- 
a te number of capillaries and occasionally a few 
lymphocytes Collagenous material predominated 
m such lesions and surrounded fragmented, inter- 
rupted, straightened and partly condensed, paitly 
^trophic elastic fibrils (fig 1) The location of 
f us lesion in the region of the arch corresponded 
to that of the ligamentum arteriosum In a 
moderate n umber of aortas the piesence of cir- 

Strauch, C Beitr z path Anat u z allg 
Path 61 532, 1916 (6) “Krause 


cumscribed elastic tissue defects apparently lo- 
cated around oi near vasa vasorum was noticed in 
the media (fig 2) These interruptions m the 
elastic membianes appeared in the specially 
stained sections as “blanched” areas They af- 
fected particularly the central and outei portions 
of the media It may be finally mentioned that 
in 2 dogs theie w r as seen at the distal nm of the 
aortic bulb laige cartilaginous foci surrounded 
by hyaline tissue foiming nodes wdnch projected 
fiom the mtimal-medial border zone into the 
\ascular lumen 

In addition to these stiuctuial vanations of 
nonai tei losclerotic and in pait physiologic oi 
congenital natui e, the follow ing lesions of doubt- 
ful oi definite aiteriosclerotic significance w r eie 
obseived Small loose edematous mtimal thick- 
enings weie seen in the ascending poition of the 
aoita m 3 dogs (fig 3) They contained a stnngv 
material staining red with Van Gieson’s method 
and occasionall) a few monocvtes A local ciowd- 
mg of endothelial cells in such aieas was present 
m 2 of these dogs In 2 additional dogs small 
fibious mtimal thickenings were found in the 
same location close to the base of the aorta In 
one of the two lesions numeious muscular ele- 
ments w’eie embedded in an mtei twining col- 
lagenous niatnx A netwoik of delicate elastic 
fibrils w as present m the mtimal cushions m both 
dogs A small hyaline mtimal thickening w r as 
seen m the thoracic portion of the aoita of a 
sixth dog, and seveial large fibroblastic oi fibro- 
hyaline cushions wei e observed in the abdominal 
poition of the aorta of a seventh dog (figs &■ 
and 5) 

A small area of f i agmentation and calcifica- 
tion of the internal elastic membrane was noted 
m the ascending poition of the aoita of an eighth 
dog (fig 6), while a ninth dog exhibited in the 
media of the ascending portion of the aorta 
several small scattered areas m which the muscle 
cells had a homogeneous, pmk-stamed cytoplasm 
and were loosely packed, indicating localized 
musculai degeneiation and atiophy (fig 7 ) The 
cellular nuclei w'ere distinctly diminished in 
number 

The proximal parts of the numerous aortic 
branches, especially the common iliac aiteries, 
which were often included in the sections were 
normal with the following exception The medial 
sacral artery of the oldest dog of this series 
revealed a considerably and concentrically thick- 
ened fibrohyalme mtima and a calcified internal 
elastic membrane causing a distinct narrowung of 
the vascular lumen (fig 8) The thickening tvas 
fiee from elastic fibrils 
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Fig 6 — Calcification and fragmentation of the internal elastic membrane of the ascending portion of the aorta 
Fig 7 — Circumscribed degeneration of the media of the aorta 

Fig 8 — Concentric fibrous intimal thickening with calcification of the internal elastic membrane of the medial 
sacral artery 
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COMMENT 

Maiked edema of the inner part of the media 
of the ascending portion of the aorta, present m 
the majoiit} of the dogs, Mas reported by Zmser- 
ling 3K as a normal condition of the canine aoita 
It has been looked on as an agonal phenomenon 
related to prolonged cn culatory failure preceding 
the final anest of circulation This concept was 
supported by Wiesel 5 and by Segre and Kell- 
ner, 6 who made similai observations m the 
arteries of man and animals Segre and Kellner 
considered the albuminous matter filling the in- 
terstices between the widely separated muscle 
bundles as the product of agonal contraction of 
the muscle cells by which cellular fluid is ex- 
pressed into the intercellular spaces This inter- 
pretation, however is in disagreement with that 
placed on this matter by Sternberg 7 and Al- 
brecht 8 These investigators regarded the edema- 
tous imbibition of the arterial media as a post- 
mortem change Wiesel, 5 on the other hand, 
thought that it accompanied exclusively acute or 
chronic cardiac and infectious diseases associ- 
ated with circulatory failure The loose edema- 
tous structure of the ascending portion of the 
aorta of the dog is not a consistent phenomenon, 
as it w r as absent in some 5 aortas 
The presence of cartilaginous tissue in the 
distal nm of the aortic bulb observed m 2 dogs is 
probably related to the occurrence of similar 
cartilaginous or, occasionally also, osseous plates 
m the aortic rim in various animals, including 
dogs (Spiegel 36 , Hueper 2c ), and does not seem 
to represent a part of an arteriosclerotic process 

The occurrence of circumscribed defects in the 
elastic tissue such as those observed in some of 
the aortas has been previously recorded by 
Krause and Straucli, who found such tears in 
the elastic membranes of even young dogs 4 

Of the edematous or fibrosing intimal thick- 
enings present in the ascending portion of the 
aorta m 5 dogs, those of edematous type were 
obviously of relatively acute and reversible nature 
and all of them were comparatively small and 
circumscribed and thus possibly early arterio- 
sclerotic developments Only the fibrohyahne 
’ntirnal cushions found in the abdominal portion 
°f the aorta of 1 dog can be considered definite 
and advanced arteriosclerotic lesions, which 
were associated with granular calcification of the 
cagmented and swollen internal elastic mem- 

5 Wiesel, J Wien Arch f inn Med 1 197, 1920 
■p l Se gre, R , and Kellner, E Centralbl f allg 
atb u path Anat 32 561, 1921-1922 

,? tern b er £> C Wien hhn Wchnschr 31 297 and 
•nO, 1921 

$ Albrecht, H , cited by Segre and Kellner 6 


In ane present underneath some of these reactions 
Thus m only 1 dog of a total of 50 was well 
developed, though localized, arteriosclerosis of 
the aorta demonstrable Inasmuch as the 2 dogs, 
8 yeais and 5 years old, respectively, showed 
merely small intimal thickenings of the ascending 
portions of the aorta, it can be assumed that the 
animal with arteriosclerosis must have been 
either especially well advanced m age, because 
the great majority of the dogs were doubtlessly 
not more than 4 years old, or represents an ex- 
ceptional occurrence of arteriosclerosis m a 
young dog 

These observations demonstrate that young 
dogs can be used for the experimental production 
of arteriosclerosis without fear of any appreciable 
and significant spontaneous arteriosclerotic le- 
sions being encountered They do not lend sup- 
port to the claim that the distemper usually de- 
veloping in young dogs has any etiologic role in 
the development of such changes as contended 
by Kolhsch 3b and denied by Strauch 4a The ana- 
tomic type of lesions observed is that noted after 
severe and prolonged fluctuations in the tonus of 
vessels or m intravascular hydrostatic pressure 
It is purely speculative, however, whether or not 
the marked changes in blood pressure readily 
elicited in dogs by psychic stimuli have any causal 
relation to the sclerosing arterial manifestations 
frequently seen m old dogs Fox stated that 
domesticated dogs show arteriosclerosis after the 
fifth year of life as pebbly granular thickenings 
m the lower thoracic and abdominal portions of 
the aorta, consisting of fibrous intimal hyper- 
plasia rarely breaking through the internal elas- 
tic membrane, with occasional calcifications of 
the media underneath He noted that aortic cal- 
cifications occur m domestic dogs rarely and are 
then usually found in the beginning portion of 
the aorta 

Kolhsch, 3b who studied 50 working dogs, 2 to 
7 years old, and 50 luxury dogs, 8 to 20 years old, 
recorded arteriosclerosis m 10 of the working 
dogs and m 3 of the luxury dogs, or in 23 per 
cent of the total number The lesions of 7 of these 
dogs consisted of partly rough-surfaced, partly 
smooth-surfaced round or irregular intimal thick- 
enings, while m the other 16 dogs round project- 
ing intimal cushions existed In 2 instances the 
entire aorta was calcified The intimal thicken- 
ings w^ere of the fibrous type, containing fat only 
rarely Medial lesions exhibited local fibrosis and 
occasionally calcification, with fibrillar cartilage 
sometimes surrounding the calcified foci 
Strauch 41 made a thorough study of the various 
large and medium-sized arteries of 56 dogs, 47 
of them aged 1 to 5, and 9 of them aged 5 to 8 
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He examined the following arteries the aorta, 
the innominate, subclavian, common and external 
carotid, celiac, superior mesenteric, phrenic, 
lenal, internal spermatic, femoral, hypogastric, 
medial sacral, coionary, splenic, hepatic and 
pulmonary arteries and in some cases also the 
cerebral, brachial and saphenous aiteries In 
only 1 of the 47 young dogs early artenoscleiotic 
changes were seen (2 2 per cent) Cushion or 
ridgehke rough intimal fibrous thickenings of 
the aorta, on the other hand, were noted m 6 of 
the 9 old dogs (67 per cent) The lesions were 
usually located distal from the entrances of the 
lenal aiteries Fat was lare and scanty in these 
foci The observations as to the comparative fre- 
quency of arterioscleiosis in old dogs made by 
Strauch 41 aie suppoited by the findings of 
Zinseihng 3k in 26 old dogs (8 to 2S years of age) 
Eveiy one of these old dogs had fibrous intimal 
thickenings of the aoi ta , all except 3 had lipoid 
deposits m the aorta and all of them had such 
lesions m the splenic aiteiy The fat was usually 
found in the form of fine droplets oi as a diffuse 
imbibition in the giound substance of the media 
of the ascending pai t of the aorta, often arranged 
along the elastic membianes Macrophages with 
fat iv ere occasionally seen The type of fatty in- 
filtration of the canine aorta thus diffeis distinct- 
ly from that found in human atherosclerosis Ex- 
tensive medial calcinosis and fibiosis, occasionally 
associated with the appearance of cartilaginous 
tissue, was obseived by Zmserhng 31 in the aortas 
of old dogs (11 to 16 years) Kiause, 30 on the 
other hand, missed any medial calcification in 
even the oldest dog studied by him, and noted 


medial calcifications of the aorta in only 2 dogs 
with generalized arterial calcifications, which he 
attributed to a disturbance of the calcium metab- 
olism Fibrous intimal thickenings of the aorta 
aie, according to him, commonly present in dogs 
more than 5 } ears old 

Special mention may be made of the circular 
fibrous intimal thickening of the medial sacral 
artei} of 1 dog In view of the fact that this was 
practicallv the only aoitic branch which revealed 
an} scleiotic change and that the sclerosis was of 
concentric type imolving the entire circumfei- 
ence of the vessel, consideration must be given to 
the possibility that changes in the noimal hydio- 
static pressui e may have been responsible for this 
lesion It is the medial sacral artei y which sup- 
plies blood to the tail of the dog An amputation 
of tins oigan would icsult in a temporaiv marked 
mcieasc of intravasculai ludrostatic pressure 
which concenabh ma\ elicit the leported Upe 
of arterial change This explanation howeter, 
must i emam speculatn c, as no data ai e a-\ ailable 
on the question whether oi not this particular 
dog had an amputated tail 

SIMM \RY 

Aitenosclerosis of the aorta is exceptional in 
dogs before the age of 5 The arterial lesions met 
with in dogs aie piedominantl) of the scleiosmg 
type The highh edematous state of the inner 
part of the media of the ascending poition ot 
the aorta fiequentlv seen in dogs is eithei a 
noi mal anatomic condition or an agonal phenom- 
enon resulting fiom cnculatoi} distui bailees 



COMBINED EFFECTS OF AN ESTROGEN AND AN ANTERIOR 
HYPOPHYSIAL EXTRACT ON THE SKELETON 
OF THE GROWING MOUSE 
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Estrogen and a hoimone produced by the an- 
terior lobe of the hypoph)sis accelerate skeletal 
aging m growing animals 1 Hotvei er, the two 
hormones accomplish this effect in different 
ways The anterioi hypophysial hormone stimu- 
lates growth and hastens epiphysiodiaph} sial 
union by inducing premature regression and 
resorption of the epiphysial cartilage, estrogen, 
on the other hand, inhibits grow th and resorption, 
thus delaying epiph) siodiaphysial union In view' 
of these contrasting mechanisms we thought it of 
interest to investigate the combined effects of 
these two hormones on skeletal development and 
aging 

MATERIAL AND METHODS 

Thirty-two -virgin female mice 5 to 6 weeks old were 
used Of these, sin; pairs of D mice recewed subcu- 
taneous injections of 100 rat units of alpha estradiol 
benzoate in sesame oil 2 once weeklj and mtrapen- 
toneal injections of 0 1 cc of an extract of the anterior 
lobe of the bovine hypophysis five times weekly for one 
ueek, one, three, five, ten and sixteen months, respec- 
tively , seven pairs of C 3 H mice were treated correspond- 
ingly for four, six, seven, eight, nine, ten and eleven 
months, three pairs of A mice received the same treat- 
ment for one week, two weeks and one month The 
anterior hypophysial extract was prepared according to 
the method of Loeb and Basset 3 Untreated mice and 
animals which had been treated only with the estrogen 
or with the anterior hypophysial extract and which had 
been used in former experiments, served as controls 
The mice were kept on a standard diet of Purina dog 
chow with water available at all times At the end of the 
experimental period the> were killed with chloroform, 
the lower part of a femur and the upper part of a tibia 

This investigation was aided by the David May- 
Florence G May Fund 

From the Laboratory of Research Pathology, Wash- 
ington University School of Medicine, the Snodgras 
Laboratory, City Hospital, and the Laboratory of the 
Jewish Hospital 

1 Silberberg, M , and Silberberg, R Arch Path 
36 512, 1943 

2 The alpha estradiol benzoate in sesame oil was 
supplied by Dr Erwin Schwenk, of the Schenng Cor- 
poration 

3 Loeb, L , and Basset, R B Proc Soc Exper 
Lml &. Med 26 860, 1929 
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were taken out as a whole and prepared for histologic 
examination 4 

HISTOLOGIC EXAMINATION 

The following description is based on the observa- 
tions of the tibia 

Epiphysial Disk — After one week of the combined 
treatment the epiphysial cartilage proliferated by way 
of mitosis and underwent marked hypertrophy How- 
ever, these processes were less intensified than after 
injections of the anterior hypophysial extract alone The 
individual cartilage cell row was composed of eight 
columnar and one or two hypertrophic cells The 
corresponding figures for untreated animals were seven 
or eight columnar and two or three hypertrophic cells 
For mice receiving the anterior hypophysial extract 
alone the figures were seven or eight columnar and 
one or two hypertrophic cells In animals given the 
estrogen only, there were but five or six columnar and 
one or two hypertrophic cells m the individual cartilage 
row, the mitotic proliferation and the conversion of 
columnar into hypertrophic cartilage cells were markedly 
decreased On the whole, after one week’s injections 
of the estrogen and the anterior hypophysial extract the 
growth zones resembled closely those seen in mice 
treated with the anterior hypophysial extract alone, but 
calcification and ossification were more accentuated than 
m either the latter or m normal animals 

If the two hormonal preparations were allowed to act 
for two weeks, the epiphysial plate was narrower than 
ordinarily Mitotic proliferation and hypertrophy of 
the columnar cartilage were still marked There were 
five or six columnar and one or two hypertrophic cells 
instead of seven columnar and two or three hyper- 
trophic cells as is normal In animals given the anterior 
hypophysial extract only, six or seven columnar and 
two or three hypertrophic cells were counted in the 
single cell row, in mice receiving the estrogen alone 
the corresponding figures were five or six columnar and 
one or two hypertrophic cells Therefore, under the 
combined influence of both hormones the width of 
the epiphysial plate was comparable to that found after 
injections of the estrogen alone, however, both pro- 
liferation and hypertrophy of the epiphysial cartilage 
were less decreased than after administration of the 
estrogen alone 

After one month of the combined treatment the 
narrowed growth zones were densely calcified In 

4 (a) Silberberg, M Proc Soc Exper Biol & 
Med 32 1423, 1935 (b) Silberberg, M , and Silber- 

berg, R Am J Anat 68 69, 1941 
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areas where calcification was somewhat lighter there 
were four or five columnar cartilage cells and one 
hypertrophic cell in a single row Both cell tjpes is ere 
smaller than usual , mitoses in the cartilage were scarce , 
calcification was more prominent than after administra- 
tion of the anterior hypophysial extract alone The 
growth zone appeared at this stage not unlike that seen 
after injections of the estrogen alone, m animals treated 
only with the anterior hypophysial extract bom plugs 
had replaced the destroy ed cartilage cell rows and were 
already being resorbed by advancing marrow’ (figs 
1 to 4) 


zones which showed resorption b> capillaries advancing 
from the marrow' 

After four or five months of combined treatment the 
resorption was even more accentuated In mice of 
strain CtH the epiphysial plate h id to a large extent 
been replaced b\ a fibro-osteoid tissue originating in 
the metaphjsis In nontreated animals, thick none plugs 
were present in the inactive cartilage, but there were 
no perforations of the grow th zones ' Under the in- 
fluence of the anterior hjpophvsial extract alone, per- 
forations of the epiphjsial disks appeared at this stage 
but without the formation of fibro-osteoid tissue In 
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Each of the sections shown was made through the epiphysial disk of the upper part of a tibia of a virgin mouse 
of strain A 9 weeks old 

Fig 1 — Section from an untreated animal, X 100 The growth zone shows regular configuration 

Fig 2 — Section from a mouse given 100 rat units of an estrogen by injection once a week foi one month, X ioo 
The growth zone is narrowed and heavily calcified , interlacing trabecular bone is seen in the metaphysis 

Fig 3 — Section from a mouse given 0 1 cc of a bovine anterior hypophysial extract by injection five times 
weekly for one month, X 100 The epiphysial cartilage is broken down, showing plug formation 

Fig 4 — Section from a mouse given both the estrogen and the anterior h>poph>sial extract for one month, 
X 100 Note the narrowed, densely calcified growth zone and the numerous thick mature trabeculae m the 
metaphysis 


Administration of both preparations for three months 
further increased calcification and ossification of the 
cartilage Numerous bonv plugs traversed the growth 


mice receiving only the estrogen the growth zones still 
consisted of a continuous layer of calcified cartilage, 
bone deposition in the epiphvsial plate was predominant, 
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■whereas resorptive 'processes were insignificant (figs 
5 to 8) 

If both hormonal preparations were given for from 
six to nine months, the fibro-osteoid tissue was re- 
sorbed and replaced by cellular marrow The wide 
gaps in the epiphysial plate were even more conspicuous, 
since untreated mice of strain CsH show' little tendency 
toward perforations of the growdli zones, Thus the 
skeletal age of the epiphvsial disk w r as comparable to 
that of untreated virgin mice during the second yeai 
of life After administration of the estrogen alone, no 
such perforations were found, in mice receiving onlv 
the anterior hypophysial extract, resorption progiessed, 
still without production of fibro-osteoid tissue 

It the combined treatment was continued further, 
only scanty remnants of calcified cartilage were left of 
the epiphysial disk or it was converted into a thin bony 
scar, both rather uncommon occurrences in old un- 
treated mice After fourteen months of injections, 
epiphysiodiaphysial union w'as not so far advanced as 
in animals given the anterior hypophysial extract alone, 
however, resorptive processes w'ere more advancedMhan 
m mice receiving only' the estrogen (figs 9 to 12) 

Diaphysis — After one and two w eeks of the combined 
treatment the osetoblasts in the metaphysis and along 
the bony trabeculae proliferated by w'ay of mitosis 
There was more connective tissue in the subepiphysial 
layer than usual, the spicules were thicker than ordi- 
narily or after treatment with either hormonal prepara- 
tion alone There was less vascularization than after 
injections of the anterior hypophysial extract but more 
than after administration of the qstrogen only The 
trabeculae were firmer, shorter and more widely spaced 
than under the influence of the estrogen 

After one month of the combined treatment a trans- 
verse bony plate had been laid down beneath the calcified 
cartilage, indicating cessation of growth The meta- 
physial connective tissue had further increased m density 
and amount, osteoblastic proliferation showed a marked 
decline but no standstill as in estrogen-treated animals , 
the trabeculae were coarser, more numerous and much 
thicker than during the earlier stages However, the 
interlacing bony network, so prominent after injections 
of estrogen alone, was not found (figs 1 to 4) The 
vessels of the shaft were moderately filled, mitotic 
proliferation of the periosteum and the endosteum was 
scarce or lacking , the compacta was thicker than usual 
and contained numerous small osteocytes In untreated 
animals osteoblastic proliferation was still marked at 
this age After injections of the anterior hypophysial 
extract, osteoblastic proliferation was stimulated the 
shafts contained enlarged capillaries, and the periosteum 
and the endosteum were loosened In estrogen-treated 
animals, on the other hand, the vascular canals were 
narrowed and less numerous than ordinarily , a dense 
connective tissue had developed in dose approximation 
to the thickened shafts, and mitotic proliferation in this 
tissue was scarce, if present at all 

After three months of treatment the transverse bony 
plate underneath the calcified cartilage was irregular 
an d thinned out It was connected with the interlacing 
■spicules now present throughout the metaphysis and in 
the corners between the metaphysial plate and the shaft 


This network was at the same time being resorbed by 
a fibro-osteoid tissue which also penetrated into the 
remnants of the epiphysial disk (figs 5 to 8) Between 
the spicules and the fibro-osteoid tissue some marrow 
was found Farther distally, the hemopoietic marrow 
was more prominent, but it still contained undissolved 
irregular trabeculae This or a similar histologic pat- 
tern was never observed m the metaphvsis of any un- 
treated mouse or of any receiving only the anterior 
hvpophysial extract The condition resembled that seen 
m mice treated with the estrogen for six or more months, 
that is, twice as long as in the series given the combined 
treatment 

After four, five or six months of the combined treat- 
ment the resorptive processes were accentuated The 
bony plate underneath the calcified cartilage was cor- 
roded from below by r marrow , the connective tissue in 
the metaphysis showed better vascularization and less 
hyalimzation than at the earlier stages , the spicules 
were thinned out and shortened, and the shafts were 
likewise thinner There was less bone present than 
before and less than after injections of the estrogen 
alone However, bony tissue was more abundant than 
m either untreated animals or mice receiving the an- 
terior hy jxiphysial extract 

If the administration of both the estrogen and the 
anterior hypophysial extract was continued, the resorp- 
tive processes were further intensified, and they were 
ahead of those found after treatment with the estrogen 
alone In mice treated for seven to nine months, there 
were only' traces of a thin bony network in the marrow 
cavity, and after sixteen months most of the excess 
bone and the connective tissue had disappeared There 
were still scanty remnants of irregular spicules which 
distinguished this series from untreated animals as well 
as from those given the anterior hypophysial extract 
alone (figs 9 to 12) 

Joints — In mice treated with both the estrogen and 
the anterior hypophysial extract for from one week to 
one month the articular cartilage cells underwent slight 
to moderate hyperplasia and hypertrophy and at the same 
time some degeneration, changes that were classified as 
grade I With increasing duration of the experiment, 
these alterations did not make much progress As a rule, 
the cartilaginous matrix underwent pronounced hyalim- 
zation Only 1 animal showed articular changes of grade 
II, namely, moderate proliferation and regression of the 
cartilage Grade III, that is typical osteoarthritic 
changes, were not observed m the animals given the 
combined treatment, whereas such lesions did occur in 
many untreated old mice 5 Administration of the 
estrogen alone decreased the incidence and the severity of 
these articular changes , conversely, treatment with the 
anterior hypophysial extract alone hastened their onset 
and increased their incidence and severity 6 Under the 
influence of both preparations the hyalimzation of the 
cartilage caused by the estrogen probably counteracted 
the liquefying effect of the growth-stimulating factor in 
the anterior hypophysial extract and thus prevented a 
breakdown of the articular cartilage 

5 Silberberg, M , and Silberberg, R Anat Rec 
91 89, 1945 

6 Silberberg, M , and Silberberg, R Am J Path 
17 189, 1941 
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Each of the sections shown was made through the epiphysial disk of the upper part of a tibia of a virgin mouse 
of strain QH 6 months old 

Fig 5 — From an untreated animal, X 100 Note plugs of regressed caitilage in the inactive growth zone 
Fig 6 — From a mouse ivlnch had received 100 rat units of an estrogen by injection once a week for five months , 
X 100 A dense interlacing trabecular network may be seen in the metaphvsis, with scanty remnants of marrow 
between the spicules 

Fig 7 — From a mouse which had received 01 cc of a bovine anterior hypophysial extract by injection five 
times weekly for five months , X 100 The growth zone is represented by a bony plate containing remnants oi 
calcified cartilage Note the wide communication between the epiphysis and the diaphysis 

Fig 8 — From a mouse to which both the estrogen and the anterior hypophysial extract had been administered 
for five months, X 140 In the left upper corner of the growth zone are small amounts of cartilage Fibro-osteoid 
tissue has developed in the epiphysis and the diaphysis 
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Each of the sections shown was made through the epiphysial disk of the upper part of a tibia of a virgin mouse 
°f strain D 17 months old X 100 

Eig 9— Section from an untreated animal, X 100 Note remnants of calcified cartilage m the growth zone 
perforated by bone marrow 

Eig 10— Section from a mouse given 100 rat units of an estrogen b> injection once weekly for sixteen months, 
X 140 Note remnants of calcified cartilage in the growth zone and formation of fibro-osteoid tissue in the metaph- 
■VS1S 

Fig 11 —Section from a mouse given 0 1 cc of a bovine anterior hvpophysial extract by injection five times 
weekly for sixteen months, X 100 There is complete epipln siodiaphvsial union, with wide communications between 
0^ epiphysis and the diaphysis 

Fig 12 —Section from a mouse to which both the estrogen and the anterior hypophysial extract had been 
administered for sixteen months , X 100 A bom, scar has taken the place of the growth zone The marrow is 
eelular, and no trabecular bone is present 
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COMMENT 

A certain antagonism between the effects of 
anterior hypophysial and estrogenic hormones 
has been demonstrated m various tissues An 
extract of the anterior lobe of the hypophysis 
loosens the connective tissue 7 and increases the 
vascularity and the uptake of watei by the tis- 

Table 1 — Skeletal Changes Aftet One Month of 
Treatment 
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sues 8 Estrogen, on the othei hand, pi omotes 
the deposition of hyalin in the uterus, the vagina 
and the adrenal glands, 0 in cartilage and in mar- 
row, 10 and it decreases the water content of the 
long bones 11 

In view of these antagonisms it might he as- 
sumed that estrogen and the growth-promoting 
hormone of the anterior lobe of the hypophysis 
would each diminish the effect of the other 
However, this does not seem to he geneially true 
The accompanying tables demonstrate in a sche- 
matic way skeletal changes caused by injections of 
(a) an anterior hypophysial extract, (b) estradiol 
benzoate in sesame oil and (c) both together 

After one month of the combined treatment 
(table 1), the growth of cartilage was less de- 
creased, and the connective tissue was less hyalin- 
lzed and better vascularized, than after injections 
of the estrogen alone Moreover, the increased 
resorption caused by the anterior hypophysial 
extract prevented the interlacing of the bony 


7 Loeb, L., in Harvey Lectures, Baltimore, Williams 
& Wilkins Company, 1940, vol 36, p 228 

8 Downs, W G, Jr Arch Path 12 37, 1931 
Long, C N H , in Luck, J M Annual Review of 
Physiology, Stanford University, Calif , Annual Reviews, 
Inc , 1942, vol 4, p 465 Silberberg and Silberberg 1 

9 Loeb, L The Biological Basis of Individuality, 
Springfield, 111 , Charles C Thomas, Publisher, 1945 

10 Silberberg, M , and Silberberg, R (a) Arch 
Path 28 340, 1939, ( b ) Am J Anat 69 295 1941 
Landauer, W , and Zondek, B Am J Path 20 179, 
1944 

11 Lippman, H N, and Saunders, J B de C M 
F. Endocrinol 3 370, 1944 


spicules seen after treatment with the estrogen 
Whetcas these findings niaj he mtei preted as 
antagonistic effects, there was also a certain 
syneigism of the two hoimones noticeable Ihe 
regression of the cartilage w’as more marked, and 
the hone was thicker, than attci treatment with 
either alone 1 he changes in the hone repi esent 
a combination effect imolung two different 
mechanisms The anterior hypoplnsial extract 
stimulated osteoblastic hone foimation, the 
simultaneously injected estrogen diminished the 
osteoblastic activity But this deciease m actne 
hone foimation was more than compensated foi 
h> the lag of resorption of the primary spicules 

The findings after six months of treatment are 
summarized m table 2 The s\ neigistic action of 
the estrogen and the anterior hypophysial extract 
is reflected in the marked resorption of the epi- 
ph) sial plate, w Inch w as more ad\ anced than after 
treatment with either alone Whereas under the 
influence of the anterior lu popln sial hormone the 
epiphysial plate was icsorbed In marrow, m the 
series gnen both preparations it was dissolved by 
fibio-osteoid tissue The latter appeared earlier 
than m animals treated with the estrogen alone 
In no instance was this tissue tumorous in cliar- 
actei , it disappeared as soon as the excessive 
hone had been resorbed This suggests that the 
fibrous metaplasia of the mairow repiesents a 
reaction of the organism to the excess bone and 
not simpl} a specific hormonal effect In normal 
animals, as w ell as in those treated w ith the an- 


Table 2 — Skeletal Changes Aflci Sir Months of 
Ticatmcnt 



Anterior 

Hy pophjslal 
Extract 

Estrogen 

Interior 
Hypophysial 
Extract and 
E-trogen 

Epiphysial 

cartilage 

Inacthc, 
with marked 
resorption 
by marrow 

Ossifying, 
Inactive, 
with little 
resorption 

Marked resorp- 
tion oy connec 
tiye tissue, 
flbro osteoid 
tissue present 

Metapbysis 

Hemopoietic 
marrow 
present, few 
thin trabeculae 

Much trnbcc 
ular bone, 
some Inter 
lacing 

Flbro osteoid 
tissue present 

Articular 

curtilage 

Softoned, 
hypertrophic 
and hyperplastic 

Hyalinfzed 

Hy alinized 


tenor hypophysial extract, the solution of the 
trabeculae is accomplished by capillaries or body 
fluids The more abundant and the denser the 
bone, the more inadequate are the normal 
mechanisms of solution It is conceivable that the 
additional resoiptive power of connective tissue 
is needed to restore the normal tissue equilibrium 
A direct stimulation of the connective tissue by 



StLBERBERG-SILBERBERG— HORMONES AND MOUSE SKELETON 


387 


the anterior hypophysial hoimone may partly 
account foi the early fibious metaplasia of the 
marrow 

In a previous investigation r we examined the 
effects of syngenesiotiansplants of the antenoi 
lobe of the mouse hypophysis Not only did 
these transplants gn e off hormones acting on the 
skeleton but they also stimulated the production 
of estrogen m the ti ansplant-bearmg host The 
latter was thus exposed to mci eased amounts of 
both anterior hypophysial and estrogenic hor- 
mones In these animals the grow th of cartilage 
was inhibited presumably because of the pie- 
donnnance of the estiogen effect On the other 
hand, the anterioi hypophysial hoimone appar- 
ently maintained the proliferation of the caitilage 
longer than ordinarily Whereas these findings 
likewise indicated an antagonistic action of the 
two hormones, otheis suggested a certain syner- 
gism As m the piesent series, the regression of 
the epiphysial caitilage was more intense and 
more bone w r as formed than after treatment with 
either the estrogen or the anterioi hypophysial 
extract alone 

Thus, the skeletal effects of anterior hyophysial 
and estrogenic hormones are opposed to each 
other in some respects, but they do not neutralize 
each other In the present experiments the 
estrogen effect on the bone tended to outbalance 
that of the anterior hypophysial hormone The 
following factors may be responsible foi this 
occurrence 1 The anterior hypophysial 
extract loses its effectiveness with prolonged ad- 
ministration 1 2 There is a gradation in the 

reaction of various species to hormonal stimula- 
tion The sensitivity of the skeletal tissues to 
estrogen increases in the following order guinea 
pig, rat, mouse , on the other hand, mice respond 
to anterior hypophysial extract less readily than 
guinea pigs The predominance of the estrogen 
effect in our mice may thus have been due to the 
greater responsiveness of this species to estrogen 
than to the anterior hypophysial hormone 3 
the dose of the estrogen given may have been 
too high m proportion to that of the anterior hypo- 


physial exti act However, it is difficult to obtain 
consistent bone changes m mice with doses less 
than 100 rat units weekly On the other hand, 
the dose of the antenoi hypophysial extiact given 
w-as fairly high already 

The present observations suggest that estro- 
gen acts on the skeleton dnectly and not by 
mediation of the anterioi lobe of the hypophysis 
If the estrogen effects were the result of an 
inhibition of the anterior lobe of the hypophysis, 
they should have been counteracted by the ad- 
ministration of an extiact of the anterior lobe of 
the pituitary gland Moreovei, if the estrogen 
effects were mediated in some other way by the 
antenor lobe of the hypophysis, they should be 
lacking m hypophysectonnzed animals How- 
ever, in pigeons hypophysectomy did not 
measurably modify the medullary bone formation 
and the increase of the serum calcium seen under 
the influence of estrogen 12 Furthermore, in 
hj pophysectonuzed mice estrogen increased the 
ash content of the long bones, although to a lesser 
extent than m intact animals 13 

SUMMARY 

In growing mice the skeletal effects of estrogen 
can be modified by the simultaneous administra- 
tion of an extract of the anterior lobe of the 
hypophysis The two hormones oppose each other 
m their action on the growth of cartilage, but 
they cooperate in accelerating the age changes in 
the latter and in the overproduction of bone, 
anterior hypophysial hormone by stimulating 
osteoblastic bone formation and estrogen by pro- 
moting hyalimzation of the marrow and by in- 
hibiting the resorption of bone Thus, the two 
hormones do not neutralize each other but each 
tends to exert its own effects on the receptof tis- 
sue The skeletal effects of estrogen are direct 
ones and not mediated by the antenor lobe of the 
hypophysis 

12 Riddle, O , Rauch, V M , and Smith, G C 
Endocrinology 36 41, 1945 

13 Gardner, W U, and Clouet, D H Anat Rec 
88 433, 1944 
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Tularemia in man has been well characterized 
from the standpoint of pathology in taiiotis re- 
pot ts based on autopsies in 73 cases In the gi eat 
majority ot these cases the interval between the 
onset of the disease and death exceeded twelve 
days, and we have found onl) 1 case rcpoited 
with autopsy m which the duiation of the disease 
was less than eight days (four da) s set en hours) 1 
We wish to report a case with autopsy in w'hich 
the duration was four days sixteen houi s In this 
case cough was one of the earliest symptoms, Pas- 
teurella tularensis was present m the sputum 
sixteen hours after onset, and the only organisms 
demonstrated in the sections of the pneumonic 
lung were morphologically consistent with P 
tularensis 

REPORT or A CASE 

R P, a white woman aged 55 years, was admitted 
to the United States Marine Hospital, Baltimore, com- 
plaining of cough, fever, headache, weakness, and pains 
in bones, muscles and joints Except for Q fever in 
1940, the past medical history was of no interest 
The patient was a technician in a laboratory where 
tularemia and leptospirosis were under experimental 
investigation However, she did not come in intimate 
contact with tularemic animals and did not handle cul- 
tures of P tularensis 

On Sept 6, 1944, about 5pm, while on her wav home 
from work, the patient felt feverish and shortly after- 
ward a severe headache, cough, nausea and pains in 
muscles, bones and joints developed, with general 
malaise The cough was irritating and dry She slept 
poorly that night and had two or three loose bowel move- 
ments In the morning her temperature was 103 F , 
and the svmptoms were more severe, particularly" the 
cough Blood and sputum were obtained for culture 
and animal inoculation, and she was taken to the hos- 
pital at 4 p m, September 7 On arrival her tem- 
perature was 104 4 F , with a pulse rate of 120 
Examination on admission showed moderate obesity", 
flushing of the face, moist skin, slightly inflamed con- 
junctivas with increased iacrimation, a somewhat con- 
gested nasal mucous membrane with little seromucoid 
discharge, a moderately inflamed and slightly edematous 
throat and some coating of the tongue The lymph 
nodes were neither enlarged nor tender Dry crackling 
rales were heard throughout both lung fields Respira- 
tion was normal There were no areas of dulness 
The remainder of the examination showed only" vari- 
cosities of the legs and hyperactive reflexes 

From the Pathology Laboratory, National Institute 
of Health, Bethesda, Md , and the Department of Pathol- 
ogy) United States Marine Hospital, Baltimore 
1 Simpson, W M Arch Path 6 553, 1928 


A roentgenogram of the chest made twenty-four 
hours after onset of the illness showed in the hilar 
portion of the right lung an early infiltrating lesion 
Supportive and symptomatic treatment was instituted, 
but tlie patient’s condition gradually became worse A 
second roentgenogram, made sixty -six hours after onset, 
showed dense infiltration radiating outward from the 
right lulus September 9 administration of 1 Gm of 
sulfadiazine every four hours was begun September 10 
the patient’s condition was still worse with a tempera- 
ture of 105 2 F , a pulse rate of 104 and respirations 64 , 
the administration of sulfadiazine was discontinued, 
morphine given and the patient placed m an oxygen 
tent September 10 the animals inoculated with the 
patient’s sputum, collected sixteen hours after onset of 
the disease, were reported as suggesting tularemia, so 
that evening the patient received two 500 cc trans- 
fusions of whole blood irom immune donors and 60 cc 
of Foshay’s antitularemic serum m 1,000 cc of 5 per 
cent dextrose in saline solution During the night, how- 
ever, she became more restless, more cyanotic and irra- 
tional The blood pressure dropped from 145 systolic to 
120 systolic and 110 diastolic Early in the morning of 
September 11 respiration became quite rapid and weak, 
cyanosis deepened, and death occurred at 9 05 a m , 
approximately four and one-half days after onset of 
illness 

On the morning of September 8 the blood gave a red 
cell count of 4,454,000, a hemoglobin content of 13 5 
Gm and a white cell count of 12,500 The differential 
count showed 80 neutrophils, of which 18 were stab 
forms, 19 lymphocytes and 1 a monoevte Toxic granules 
were present in the neutrophils The sedimentation 
rate was 51 mm in one hour Examination of sputum 
( smear and culture) show ed a predominance of Strepto- 
coccus viridans, pneumococci were not found Serum 
agglutination reactions for tvphoid FI, paratvphoid A, 
and paratyphoid B bacilli were positive to a dilution 
of 1 20 Culture of the blood, ex munation of the stool, 
dark field examination of the urine and serum aggluti- 
nation tests with typhoid O, Brucella aboitus, Proteus 
OX-19, P tularensis, Leptospira canicola and Leptospira 
icterohaemorrhagiae as antigens gave negative results 
Cultures of stool and urine were negative for patho- 
genic bacteria The urine showed albumin (+++). 

4 to 6 pus cells per high power field, many granular 
casts and an occasional red blood cell 
Autopsy — External examination revealed nothing of 
significance Each pleural space contained 30 to 40 cc 
of yellowish fluid, and 20 cc was present in the peri- 
cardial sac 

The left lung was soft and crepitant, and weighed 
580 Gm The cut surface showed congestion and edema 
throughout The right lung weighed 820 Gm There 
were marked edema and congestion of the upper and 
middle lobes The upper portion of the lower lobe was 
completely consolidated, and over this portion there were 
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numerous petechial hemorrhages On section of the 
lobe there was seen m the consolidated portion ail oval 
area, measuring 3 by 5 cm , which appeared granular, 
more dense and of lighter color than the surrounding 
tissue The hilar lymph nodes on the right side were 
moderately enlarged and anthracotic 
The aorta showed a little atherosclerosis 
The peritoneal ca\it\ contained 140 cc of yellowish 
fluid The liver weighed 1,900 Gm , it had a rather 
light color, and the cut surface showed yellowish 
mottling but no focal necrosis The spleen weighed 
220 Gm , it had a soft pulp but showed no foci of 
necrosis 

With the exception of a small shallow, apparent!} 
inactive ulcer in the duodenum, the gastrointestinal tract 
was normal The gallbladder showed considerable 
edematous thickening The adrenal glands were con- 
gested, with a few small liemorihages The kidneys 
were not enlarged, the cut surfaces were congested and 
there was some loss ot demai cation between cortex 
and the medulla The urinarv bladder contained 350 
cc of urine The panel eas was congested A 7 mm 
fibroid was present in the left cornu of the atrophic 
uterus The heart, the ureters, the ovaries and the 
fallopian tubes were normal 
Micioscopic Examination — Lung In the completely 

consolidated areas an apparent nodularity was seen under 
low power, produced bv variation m the character of the 
exudate Undulating and anastomosing bands in which 
the alveoli were filled with a largely fibrinous exudate 
separated areas m which the alveolar exudate was al- 
most entirel} cellular This microscopic pseudonodular 
effect w r as heightened bv the fairlv sharp line between 
the alveoli with cellular and those with largelv fibrinous 
exudate The cellular exudate m some blocks showed 
marked haryorrhectic necrosis with loss of identit} of the 
cells Caseous necrosis of the exudate was not present, 
and necrosis of alveolar septums was seen in only a few 
small areas In areas of less advanced karv oi rhexis 
manv cells were identified as large mononuclears, the 
nuclei being round, indented or lobated Also in such 
areas occasional to few poly morphonuclear leukoevtes 
were seen While fibnn was generally not present in 
these alveoli, a few showed thick and often fragmented 
fibrin strands In the alveoli m which the copious 
fine-meshed fibrin formed the bulk of the exudate, cells 
W'ere present usuall} in small numbers These cells 
usually were well preserved and could be identified with 
certaint} Polymorphonuclear leukocytes and large 
mononuclear cells were present in about equal number, 
sometimes the one, sometimes the other t>pe, predomi- 
nating The alveoli bordering the area of complete 
consolidation contained lesser amounts of fibnnocellular, 
serocellular or serous exudate Here also the cells were 
well preserved and moderate numbers of polymorpho- 
miclear leukocytes were identified The somewhat thick- 
ened and edematous alveolar septums focally were mfil- 
rated by a few lymphocytes and large mononuclears and 
were often covered by a continuous layer of hypertrophic 
cuboiflal cells In consolidated areas the small bronchi 
and bronchioles were filled with exudate similar to that 
’n the alveoli, fibrin usually being abundant The walls 
s lowed a loose structure, some edema and patchy mffi- 
ratnon by lymphocytes, mononuclears and fewer poly- 
orphonuclear leuekocytes In some the epithelium 
j^ as absent from a portion of the wall, with the exudate 
directly on t jj e basement membrane , necrotic epi- 
ti C 13 u dls were rare The perivascular connective 
ssue, the interlobular septums and the pleura showed 
an ^ es similar to those of the bronchial walls, with 
nsiderable variation m degree in different areas The 
. f ura Was covered b} a lajer of laminated fibrin in 
lc relatively few' cells were present 


Two blocks of tissue from the grossly nonconsolidated 
portions of the lung showed small areas in which changes 
in the alveolar septums were similar to those at the 
border of consolidated areas, though less marked In 
such areas the alveoli contained a little serum, fibrin 
or few to manj cells Although some of these were 
macrophages, polvmorphonuclears usually were the most 
numerous 

Bronchial Lvmph Nodes (right) These nodes showed 
a few focal lesions, the largest of which measured 2 mm 
in diameter Each lesion was formed of large mono- 
nucleai cells showing advanced karyorrhectic necrosis 
m the central part of the lesion The l}mphoid follicles 
were small, and there was moderate irregular reticulo- 
endothehosis of sinus and pulp Many of the reticulum 
cells contained particles of carbon Bacteria vveie not 
found 

Heart A moderate number of muscle fibers showed 
epinuclear accumulation of brown granular pigment 
Liver The cential half to three fourths of all lobules 
ot the liver showed narrowing of liver cell cords, corre- 
sponding widening of sinusoids, oxyphilia of the cyto- 
plasm of liver cells, variable degiees of karyolysis, 
absence of soihe cells and frank necrosis of a few In 
such aieas there were a few to a moderate number 
ot neutrophils between cell cords and sinusoids and in 
the sinusoids In peuportal areas the livei cells con- 
tained a few' fine fat droplets This graded to the 
center of lobules, where the fat was moderate m amount , 
here a few fat globules were large 
ICidnev A little oxyphilic coagulum was present m 
some glomerular spaces The epithelial cells of con- 
voluted tubules were large and granular A very few 
small patches of interstitial cortical fibrosis were seen 
Spleen The spleen showed moderate congestion of 
pulp and sinus with very slight irregular polymorpho- 
nuclear leukocyte infiltration There was one lesion 
present in the pulp It measured 500 microns in diam- 
eter and was similar to those in the lymph nodes The 
follicles were small and showed no activit} Bacteria 
were not found 

Stomach and Duodenum There was slight focal 
Ivmphocvte infiltration in the deep mucosa of the pvlorus 
and among Brunner’s glands of the duodenum 
Adrenal Glands The adrenal glands showed slight 
focal interstitial Ivmphocvte infiltration of the cortex 
In one adienal gland there was a 15 mm centrally located 
adenoma formed of spongiocytes 

Gallbladder The perimuscular coat showed marked 
edematous thickening with a few lymphoevtes m the 
inner part of this layer 

Uterus The endometrium was atrophic A small 
leiomvoma was present in the outer myometrium There 
was considerable fibrosis of the wall of the cervix 

Demonstration of Bacteria by Staining All of the 
tissues for histologic study were fixed in a 3 8 per cent 
solution of formaldehyde In paraffin sections of the 
lungs stained with hematoxylin and azure eosinate, 2 
very famtlv stained small intracellular bodies were seen 
For their further study the buffer level of the stain 
mixture was shifted from p n 4 6 to pa. 5 This gave a 
preparation that was too blue for good nuclear detail, 
but the basophilia of the minute intracellular bodies 
was considerably increased In such a preparation the 
bacteria were seen as minute coccoid and coccobacillary 
forms and were gram negative Thev were found in 
greater numbers in the cellular exudate showing only 
slight kary orrhectic necrosis They were, however, 
seen frequently m the areas marginating the completely 
consolidated lung and m this location were found with 
greater ease since the exudate was w ell preserv ed They 

2 Lillie, R D Stain Technol 16 1, 1941 
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X, 5, C and D, intracellular coccoid and coccobacillary organisms in exudate of pulmonary alveoli A, B and C, 
X 1>000, D, 1,500 E, consolidated lung showing contrasting cellular and fibrinous exudate, X 100 The scattered 
cells enmeshed m fibrin are relatively well preserved F, small area of recent pulmonary involvement, X 200 
Many such areas were present in the grossly nonconsohdated portion of the lung G, alveolar exudate in an area 
similar to that shown m F , X 775 The majority of the cells are polymorphonuclear leukocytes H, focal lesion 
m bronchial lymph node, X 90 
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occurred in both mononuclear cells and polymorpho- 
nuclear leukocytes, usually m small clusters A few 
cells filled with the organisms were seen in scattered 
areas Their distribution was patcln, and when one 
parasitized cell was found, others in the same alveolus 
also were likeh to contain bacteria They were found 
m cells of the bronchial exudate but were not seen in 
the swollen cells lining the aheoli In identifying these 
organisms as P tularensis, minute pigment granules, 
nuclear fragments and mast cell granules w’ere seen 
and recognized as such No other bacteria were 
obsen ed 

CitHtnal Studies and Animal Inoculations — This part 
of the investigation was made by Passed Assistant 
Surgeon Carl L Larson The following paragraphs are 
from his report 

“Specimens of sputum and blood were obtained on 
September 7, about sixteen hours after the onset of 
illness Cultures of whole blood on dextrose-cystme- 
blood agar remained sterile, and mice inoculated with 
blood failed to show signs of illness No cultures were 
made of the sample of sputum, but the specimen was 
emulsified in salt solution and injected subcutaneously 
into the guinea pigs and intrapentoneally into mice 
These animals were ill on September 9 and cultures of 
P tularensis were obtained from both guinea pigs and 
mice 

“Material taken at the autopsy was not cultured on 
mediums as it was thought that the tissues were con- 
taminated All were emulsified separately in salt solu- 
tion and inoculated into guinea pigs All these animals 
became ill between the third and the fifth day after 
inoculation and cultures of P tularensis were obtained 
from animals inoculated with cardiac blood, liver, spleen 
and two specimens of lung tissue No other material 
was examined ” 


COMMENT 


The exact number of cases of death front 
tularemia in which autopsies have been made is 
difficult to determine since a few 7 were included 
among collected cases as unpublished data and 
later w 7 ere reported m detail by different authors 
Including collected cases and original reports, 
Lillie and Francis 3 m 1936 and Foshay 4 
in 1937 published pertinent data on 51 cases 
Since that time we have found published reports 
of 22 cases in which necropsy was done, 5 making 
a total of 73 In all of these cases except that 
of Simpson 1 the duration of the disease wms 
eight days or longer In Simpson’s case the 
duration was four days seven hours 


3 Lilhe, R D , and Francis, E , m Lillie, R D , and 
others The Pathology of Tularemia, National Insti- 
tute of Health Bulletin 167, United States Treasury 
department, Public Health Service, 1936 

4 Foshay, L Arch Int Med 60 22, 1937 

3 (a) Pund, E R , and Hatcher, M B Ann Int 
10 1390, 1937 (b) Mathews, W R New 

Orleans M & S J 90 479, 1938 (c) Kimmelstiel, P , 

and Caldwell, H W Am J Path 15 127, 1939 

Knzmiller, K V Ann Int Med 12 1375, 1939 

Ziferstein, I J Iowa M Soc 30 65, 1940 (/) 

dredge, T E M Bull Vet Admm 16 337, 1940 
»£' “kckford, S D , and Casey, C J Arch Int Med 
, 4 ~> 1941 (/i) Ransmeier, J C, and Schaub, I G 

ij 747 > 1941 .(0 Anschuetz, R R Am J Dis 
® 2 150, 1941 0) Kennedy, J A JAMA 
17 in’ 1942 (*) Thomas, H B Ann Int Med 

59, 1942 (Z) David, J K , Jr , and Owens, J N , 

Am J Dis Child 67 44, 1944 


Certain evidence m this case suggests that in- 
fection took place by the upper respiratory route 
The patient, a laboratory technician, did not 
handle the infected animals or cultures of the 
oigamsms Cough and fever weie among the 
fiist symptoms, and P tularensis wms demon- 
sti ated by animal inoculation m the sputum 
obtained sixteen hours after the onset of illness 
At this time similar inoculation of blood gave 
negative results, and culture of the blood obtained 
foi t} hours after onset also gave negative results 
It appears also that significance should be at- 
tached to the fact that only one lesion wms found 
m the sections of spleen, whereas multiple and 
larger lesions were seen in the bronchial lymph 
nodes Companson of roentgenograms revealed 
pulmonaiy involvement tw 7 enty-four hours after 
the onset of illness In our opinion, the circum- 
stances and findings just related strongly suggest 
that pulmonary involvement w>as primary, with 
septicemia and involvement of bronchial lymph 
nodes and spleen secondary It is realized that 
accidental ingestion of contaminated material 
must be considered in this case, but w 7 e find no 
evidence to support such a thesis 

The extent of the pulmonary involvement was 
much greater than that represented by the con- 
solidated area seen on gross section In paraffin 
sections made from the nonconsohdated portions, 
w 7 e noted some edema fluid, fibrin and variable 
numbers of cells in many alveoli, with associated 
swelling of the alveolar epithelium Such in- 
volvement evidently contributed to the pi oduction 
of the cyanosis noted clinically The microscopic 
observations on the lungs of this patient varied 
from those on the lungs of most patients whose 
cases have been published previously m showing 
more fibrin, absence of caseous necrosis and more 
polymorphonuclear leukocytes in the exudate 
It is likely that the two latter variations are 
i elated to the short duration of the disease m 
that polymoiphonuclears appeared to be more 
frequent and exudate much better preserved at 
the advancing margins of the pneumonic focus 
It has been pointed out by some authors that 
karyorrhectic mononuclear cells may be mistaken 
for polymorphonuclears This is indeed true, 
but our reference to these cells is based on their 
identification m w 7 ell preserved exudate The 
statement is often made that the presence of 
polymorphonuclears m significant numbers indi- 
cates a secondary infection with pyogenic bac- 
teria While this may be the explanation in 
many cases, the only bacteria found m the lung 
in this case w 7 ere morphologically smulai to P 
tularensis It is possible that early m the ex- 
udative process polymorphonuclears are fairly 
numerous and only later are overshadowed by 
the mononuclear reaction 

P tularensis has been identified rarely m 
stained human tissues although prolonged search 
has been made for it with use of special staining 
procedures Lillie and Francis " were unable 
to identify the organisms m their material 



392 


ARCHIVES OF PATHOLOGY 


They had the opportunity to study tissue from 
some of their collected cases in which the finding 
of P tularensis had been reported They also 
were unsuccessful in identifying them m these 
tissues and pointed out that confusing basophilic 
bodies may occur in degenerating tissue, and that 
Giam stains should be made to exclude the giam- 
positive cocci In the 22 cases with auotps) 5 
that we have found lecorded since 1937, bactena 
morphologically similai to P tulaiensis weie 
descubed m tissue sections m 1 case r,l) and m 
tissue smears (made at auopsy) in 3 othet s r,k 
We feel ceitain of the microscopic identification 
of the organisms m the lung of oui patient, based 
on morphology and then occuriencc m clusteis 
in certain cells and suppoited b\ the tact that the 
oigamsms were lecovered fiom sputum collected 
sixteen houis aftei the onset of illness and fiom 
lung tissue aftei death (animal inoculation) 

6 Drs R D Lillie and Tduard Francis examined 
the stained sections of lung in this case and agreed that 
the oigamsms were morphologically consistent with those 
seen in experimental animals 


The toute of infection, the appaiently primaty 
pulmonary imohement, the short duiation and 
the apparent lack of icsistance on the part ot the 
patient aie probabl} i elated to the facility with 
wdnch the organisms were demonstrated in the 
lungs 

SO MM \RY 

In the case of laboiatoiv tulaiemia with 
autopsy i eported the e\ idence suggests that infec- 
tion took place by the uppei lespiratorv loute 
P tulaiensis was demonstialed m the consoli- 
dated lung Xo othei oigamsms were found 
A. few neciotic loci weie obseived in the bion- 
clnal Ivmph nodes and one in the spleen Theie 
was ccntrolobului degenciation of the li\ei but 
no local lesions P tulaiensis was isolated bv 
animal inoculation tiom the sputum sixteen houis 
altei onset and fiom the lung, the hvet, the 
spleen and the caidiac blood at autopsy Inocu- 
lation ot animals with blood and culture of blood 
on the first day of illness and on the second day 
gaye negative icsults 
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INTRACRANIAL VASCULAR TUMORS 
AND MALFORMATIONS 

HAROLD H NORAN, MD, PhD 

MINNEAPOLIS 


Since the mcmogi aplnc studies of Cushing and 
Bade }, 1 Lmdau 2 and Bergstiand, Olneciona 
and Tonnis , 3 a most extensne hteiature has 
accumulated on the subject ot \asculai tumors of 
the intracranial car it} Although much pi ogress 
has been made in knowledge of the clinical and 
pathologic featmes of these lesions, yet much 
confusion remains, as indicated by the multi- 
plicity of nomenclature and classification Many 
different vascular lesions have been lecorded 
under the same title whereas similar lesions ha\e 
been recorded under a wide variety of titles 
Furthermore a laige number of the classifica- 
tions that have been pi esented for these a aseulai 
tumors aie conflicting This almost complete 
lack of standardization in nomenclature and 
classification has made the eAaluation of the 
alread} abundant hteratuie highly difficult 
Neveitheless a compiehensne eAaluation of 
the literature is aa arranted in order that one may 
arrwe at some coi 1 elation betAA een these a ai ious 
nomenclatures and classifications 

X4.TURE OF THE AVASCULAR TUMORS 

There are tAvo mam types of vasculai tumois 
They are referred to as angioma and angio- 
blastoma Angioma is a tumor composed of blood 
vessels of adult structui e, aa hile angioblastoma is 
comprised of embiyomc Aasculai channels and 
proliferating A r asoformative cells 
A prodigious amount of discussion has been 
lecorded as to whether or not the tumors called 
angioma are tiue neoplasms or meie malforma- 
tions Cushing and Bailey , 1 Raney and Cour- 
se , 4 Levine , 5 Luschka,® and Dandy 7 AAere 
among those Avho expressed the belief that these 

From the Department of Neuropsychiatry and the 
epartment of Pathology, University of Minnesota 
Medical School 

1 Cushing, H , and Bailey, P Tumors Arising 
, rom the Blood Vessels of the Brain Angiomatous Mal- 
ormations and Hemangioblastomas, Springfield, 111 , 

harles C Thomas, Publisher, 1928 

2 Lmdau, A Acta path et microbiol Scandinav 
3 1, 1926 

3 Bergstrand, H , Olivecrona, H , and Tonnis, W 
e! assmissbildungen und Gefassgeschwulste des Gehirns, 

Le 'Pzig, Georg Thieme, 1936 


tumoi s represent congenital anomalies Globus 8 
and Laidlotv and Muriay 0 postulated that 
angioma aiose fiom a Aestigial structure or a 
phylogenetic remnant, such as the gill arch 
Schuck 10 agreed that it Avas the result of 
faulty det elopment but felt that it Avas capable 
of spontaneous and autonomous expansile 
gi oaa th A numbei of authoi s have employed the 
term “hamartoma” instead of “angioma ” 
Schmolck , 11 and Albrecht 12 defined the term 
“hamartoma” as designating a tumor-like anom- 
aly, theieby evading the issue Turner and 
Kernohan 33 also used this term but regarded the 
lesion as a pure malformation They stressed the 
belief that angioma increases m size by enlarge- 
ment of its individual Aessels rather than by 
actual growth Moolten , 14 on the other hand, 
expressed the opinion that hamartoma is capable 
of becoming cancerous and regarded angio- 
blastoma as hamaitoma rather than angioma 
Bergstiand and his co-authors 3 concluded that 
angioma is a true tumor since it often becomes 
a space-consuming lesion Schwartz 15 agreed 
since he regarded it as an autonomous neAV 
groAAth of tissue, thereby fulfilling Ewing’s 
definition of a tumor VirchoAA '', 16 Ribbert , 17 

4 Raney, R B, and Couiville, C B Bull Los 
Angeles Neurol Soc 2 104, 1937 

5 Levine, V Arch Path 15 340, 1933 

6 Luschka, H Virchows Arch f path Anat 6 
458, 1854 

7 Dandy, W E Arch Surg 17 715, 1928 

8 Globus, J H Arch Neurol & Psychiat 38' 
677, 1937 

9 Laidlou', G F , and Murray, M R Am J Path 
9 827, 1929 

10 Schuck, P Ueber das Wesen und die Entstehung 
der Angioma artenale racemosum, Inaug Dissert , Ber- 
lin, O Francke 1885 

11 Schmolck, W Ueber ein sogenannten Rankenan- 
giom des Gehirns, Inaug Dissert , Wurzburg, F Stau- 
denraus, 1912 

12 Albrecht, E Verhandl d deutsch path Ge- 
sellsch 7 153, 1904 

13 Turner, O A , and Kernohan, J W Arch 
Neurol & Psychiat 46 444, 1941 

14 Moolten,' S E Arch Int Med 69 589, 1942 

15 Schwartz, C W Am J Roentgenol 41 881,1939 

16 Virchow, R Die krankhaften Geschvvulste, Ber- 
lin, A Hirschwald, 1863, \ol 3, lect 25, p 460 

(Footnotes continued on next page) 
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Simmonds 18 and Heine 10 also expressed the 
opinion that angioma is a real neoplasm 

In general, most writers view the tumoi s called 
angioblastoma as true neoplasms exhibiting 
cellular proliferation Turner and Kernohan , 13 
however, have stated that angioblastoma might 
arise from hamartoma or a congenital anomaly 
Bergstrand and his co-workers 3 cited an ex- 
ample of angioblastoma in a stillborn infant as 
evidence favoring the belief that the lesion is 
congenital They further pointed out the fre- 
quent concomitant ocuirence of obvious con- 
genital anomalies in other organs 

From this discussion it becomes apparent that 
at present it is impossible to state definite!} 
whether angioma or even angioblastoma is a 
simple or a cancerous growth , they present char- 
acteristics of both malformations and neoplasms 
The term “hamartoma” is not satisfactory, for it 
has been used to designate a miscellaneous group 
of lesions and adds nothing to present knowledge 
of vascular tumors 

CLASSIFICATION OT THE VASCULAR TUMORS 
AND MALFORMATIONS 

A review of the classifications in the literature 
clearly portrays the lack of agreement regarding 
the basic structure of the individual lesions and 
also points out the frequency of conflicting 
nomenclatures In general, these classifications 
have lacked uniformity and thus have served 
merely to add further confusion to an already 
extensive literature 

The classification offered by Cushing and 
Bailey has been widely quoted and is generally 
followed rather closely, especially in this country 
It is as follows 

I Vascular malformations 

1 Telangiectasis (a group of capillaries) 

2 Angioma venosum (lesions composed princi- 
pally of veins) 

3 Angioma artenale (lesions containing vessels 
resembling arteries as well as veins) 

II Hemangioblastoma (angioblastoma) 

1 Cystic type (associated with cyst formation) 

2 Solid type (not associated with cyst formation) 

Each of these two types was again classified into 

capillary, cellular and cavernous varieties according to 
the microscopic features 

The presence of bram tissue between the com- 
ponent vessels of angioma was of paramount 
importance in leading these investigators to con- 
clude that it was an anomaly or a malformation 

17 Ribbert, H Virchows Arch f path Anat 151 
381, 1898 

18 Simmonds, M Virchows Arch f path Anat 
180 280, 1903 

19 Heine, L Ztschr f Augenh 51 1, 1923 


rather than a neoplasm Since material for 
histologic study was not available in most of 
their cases, the stiucture of the \essels comprising 
the angioma was ascertained merely from the 
resultant clinical manifestations or by a super- 
ficial examination of the lesion at operation 
They made no distinction between the angioma 
which w r as confined to the meninges and the 
angioma w Inch extended deeply into the cerebral 
parenchyma, probably because of the paucity of 
autopsy studies The lesion comprised of only a 
few anomalous vessels w’as not separated from 
the one composed of an extensive congeries of 
vessels, replacing much of the brain parenchyma 
Moreover, the authors inferred that the well 
known cavernous type of angioma, which con- 
sists of closely packed dilated vascular sinuses, 
w’as a variety of angioblastoma, and consequently 
they provided no place for this type of lesion in 
their classification 

Turner and Kernohan 13 in stud} mg a large 
series of vascular neoplasms of the spinal cord 
suggested the following classification 

I Vascular malformations 

1 Telangiectasis 

2 Angioma or hamartoma 

(a) Angioma venosum 

( b ) Angioma arteriovenosum or angioma ar- 
tcnale 

II Vascular neoplasms 

1 Capillary 

(a) Capillary hemangioma 

(b) Hemangioendothelioma 

(c) Capillary hemangioblastoma 

2 Cavernous 

(a) Cavernous hemangioma 

(b) Cavernous hemangioblastoma 

3 Hcmangiosarcoma 

Except for the use of the term “hamartoma,” 
the first part of this classification is similar to 
that of Cushing and Bailey They attempted to 
divide the tumors termed angioblastoma into 
groups manifesting various degrees of histologic 
malignancy The capillary hemangioma consisted 
mainly of capillaries The hemangioendotheli- 
oma was comprised not only of capillaries but 
of a few proliferating endothelial cells in the mter- 
vascular areas In capillary hemangioblastoma 
the mtervascular regions contained many more 
proliferating cells The cavernous hemangioma 
and hemangioblastoma showed similar structures 
except that they contained numerous cavernous 
spaces The hemangiosarcoma was a vascular 
tumoi showing evidence of rapid growth The 
termmologic scheme of the second group differs 
from that generally accepted, for all these lesions, 
as a rule, are regarded merely as angioblastoma 
The true cavernous angioma w r as omitted as in 
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the classification of Cushing and Bailey Finally, 
no distinction was made between the purely 
meningeal lesion and that involving the paren- 
chyma 

Rienhoff’s 20 classification has not been widely 
used 

1 Arterial aneurysm (tumor consisting of arteries) 

2 Venous aneurysm (tumor comprised of veins) 

3 Arteriovenous aneurysm (tumor containing both 

arteries and veins) 

The use of the term “aneurysm” is not sat- 
isfactory, for it confuses the tumors ordinarily 
termed angioma with simple aneurysms of the 
cerebral arteries as well as with the traumatic 
fistula between the internal carotid artery and 
the cavernous sinus The latter is often termed 
an arteriovenous aneurysm 

Dandy published the following classification, 
which isi frequently referred to m the literature 

I Arteriovenous aneurysm 

II Venous abnormality 

1 Venous abnormality in the brain or venous 
anomaly 

2 Venous abnormality m the dura 

3 Angioma 

(fl) Cyst with angioma in the wall (actually 
angioblastoma) 

(5) Cavernous angioma 

(c) Plexiform angioma (venous angioma) 

This classification is not based on the actual 
pathologic structure of the lesions Among the 
venous abnormalities of the brain and the dura 
were included lesions comprised of anomalous 
veins showing little increase in their size and 
number Under angioma were listed venous 
tumors (plexiform angioma), but for some reason 
the arteriovenous tumors were called arterio- 
venous aneurysms Dandy incorrectly regarded 
the cystic form of angioblastoma as angioma and 
left no place in his classification for the solid 
or only partly cystic angioblastoma 

Bergstrand, Ohvecrona and Tonms 3 worked 
out a classification which has appeared in many 
publications and is often followed in foreign 
literature 

1 Angioma cavernosum 

2 Angioma racemosum (a grapehke cluster of 
vessels) 

(a) Telangiectasis 

(b) Sturge-Weber syndrome (a condition con- 
sisting of an angioma of the surface of the 
brain with calcification of the underlying 
cortex and an ipsilateral facial nevus) 

(0 Angioma racemosum arteriale (a grapehke 
cluster of vessels exclusively arterial) 

«i.^LBienhoff, W F , Jr Bull Johns Hopkins Hosp 
2/1, 1924 


(d) Angioma racemosum venosum (a congeries 
of vessels resembling veins) 

(e) Arteriovenous aneurysm (a mass of in- 
extricable vessels resembling arteries and 
veins) 

3 Angioreticuloma (angioblastoma) 

4 Angioglioma (a combination of glial and vas- 
cular elements) 

This is the most comprehensive classification 
found in the literature It is questionable, how- 
ever, if telangiectasis should be regarded as 
racemose angioma In addition, it seems unwise 
to place Sturge-Weber disease in this same group, 
for the calcification and degeneration of the 
involved cortex are the most significant lesions 
both clinically and pathologically These authors 
questioned the existence of the arterial racemose 
angioma As in other classifications, no dis- 
tinction was made between the lesions limited 
to the meninges and those involving the brain 
parenchyma The term “arteriovenous aneu- 
rysm” was also employed here for arteriovenous 
angioma The name “angioreticuloma” was cer- 
tainly no improvement over the more widely 
accepted “angioblastoma ” 

Russel 21 offered the following classification 

1 Cirsoid aneurysm (lesions generally termed race- 
mose angioma) 

2 Capillary hemangioma (angioblastoma) 

3 Capillary telangiectasis (telangiectasis) 

4 Cavernous hemangioma 

This classification is more general than those 
already listed The nomenclature, however, is 
confusing The term “capillary hemangioma” 
is certainly more suggestive of telangiectasis, for 
example, than of angioblastoma 

The classification used by Virchow is often 
mentioned in the literature 

1 Cavernous angioma 

2 Angioma simplex (telangiectasis) 

3 Telangiectatic tumor formation (false angioma) 

4 Angioma racemosum 

There is a definite resemblance to the better 
known classification presented by Bergstrand, 
Ohvecrona and Tonms Angioblastoma would 
piobably be classified as false angioma 

The following classification of vascular lesions 
was published by Bort 22 

1 Aneurysm (a simple aneurysm of an artery — not 
an angioma) 

2 Serpentine aneurvsm (angioma racemosum arteri- 
ale or an extensive simple aneurysm) 

21 Russel, D Proc Roy Soc Med 24 383, 1931 

22 Bort Beitrag zur Kenntms des Angioma race- 
mosum des Gehirns, Inaug Dissert , Leipzig, Arb a d 
Geb d path Anat Inst zu Tubingen, 1920 
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3 Serpentine angioma (\enous or arterioy enous angi- 
oma) 

4 Arterial racemose angioma (a congeries of arteries 
and probably veins) 

5 Venous racemose angioma (a plexus of \tins) 

6 Racemose varix (probably similar to tbe foregoing 
type, being composed of a congeries of \arices but 
no doubt also includes cayernoma) 

7 Varix (a simple dilatation of a \cin or a \ enous 
anomah) 

This classification is extiemely difficult to lol- 
loyy, as Bort’s description of the vanous types 
of lesions is not clear The use of the terms 
“serpentine aneury sm ’ and “seipentme angioma” 
is confusing Although the tacemose varix is 
probably comprised largely of cavernous angioma 
the term is ieadil} contused with “venous race- 
mose angioma ' This is the only classification 
that clearly lecognwes the most simple venous 
anomaly oi yarix Boit completely neglected 
to mention telangiectasis and angioblastoma 
Benda 23 classified the venous tumors as fol- 
lows 

1 Phlebectasia (a diffuse widening of a yein) 

2 Varicosity (a diffuse irregular dilatation with cir- 
cumscribed ampullar or saclike formations) 

3 Venous angioma (a circumscribed conglomeration 
of veins) 

This classification deals only yyith lesions com- 
prised ot veins Phlebectasia and varicosity aie 
the moie simple venous anomalies which diftei 
only m the disti lbution of the y ascular dilatations 
and are similar to the varix in Bort s classifica- 
tion 

Vasculai Tuwois of the Mcnmqcs — These 
lesions aie of two general types one is angioma- 
tous meningioma which is a meningeal tumor 
composed of adult vasculai elements including 
arteries, veins, capillaries oi cavernous spaces , 
the second is angioblastic meningioma, which has 
a structuie similai to angioblastoma as found 
yvithin the ceiebellum Because of the structural 
similarity ot these angioblastic lesions of the 
meninges to the parenchymal lesions they yyere 
classified with the vasculai tumors by Bailey 7 
and Ford 24 Cushing and Eisenhardt, 2 ' on the 
other hand, regaided them as meningioma basing 
their opinion on the gross and clinical featuies 
rather than on the microscopic characteristics 
Globus 8 classified the angiomatous lesions of 
the meninges with meningioma, while Cushing 

23 Benda, C , in Henke, F and Lubarsch O Hand- 
buch der speziellen pathologischen Anatomie, Berlin, 
Tubus Springer, 1924, vol 2 

24 Bailey, O T , and Ford, R Am J Path 18 
1, 1942 

25 Cushing, H and Eisenhardt, L Meningiomas, 
Springfield, 111 , Charles C Thomas, Publisher, 1938 


and Bailey 1 as y\ ell as others, included them 
yvith cerebral angioma probably because their 
material yyas operative and no separation yyas 
possible m the absence of postmortem studies 

Because of these conflicting opinions regarding 
the natme of the vasculai meningeal lesions, a 
bnef discussion of their classification is indicated 
Cushing and Eisenhai dt 25 listed the angioblastic 
meningeal Illinois under their meningioma type 
IV. yvlnch y\as divided into three y r ariants as 
folloyy s 

Variant 1 Incompletely differentiated, with mito^e' 
(It is a cellular tumor showing histologic 
c\ idence of rapid growth ) 

Variant 2 Transitional between the memngothciial 
type and angioblastoma (It shows trans- 
itions toward the menmgothelnl menin- 
gioma ) 

\ ariant 3 Vigioblaetoma (capillary or cellular) (It 
has the typical structure of angioblas- 
toma ) 

All the lesions levealed a predominating angio- 
blastic stmeture as y\ ell as a typical netyyorh 
of leticulum Xo mention yyas made of the 
angiomatous meningioma 

Courville and Abbott-* ofteied the following 
classification 

1 Meningeal angioblastoma 

2 Transitional angioblastoma 

3 Migioblastic meningioma 

4 Combined meningotbehomatous-angioblastic menin- 
gioma 

This classification is difficult to follow because 
ot its redundancy Certainly the combined 
memngothehomatous-angioblastic ty pe is actually 
the transitional angioblastoma Such a separa- 
tion lesults only m confusion Moreoaer, this 
classification is similar to that of Cushing and 
Eisenhardt 25 and theietore selves only 7 to com- 
plicate the hteratuie 

Globus s classified the vascular meningeal 
tumors yvith meningioma and subdivided them 
into the angioblastic and the angiomatous tape 
His classification is as folloaa r s 

Meningioma piale (pial or a ascular meningioma) 

1 Hemangioendothchomatous subtype (angioblastic 
meningioma also includes angioblastoma situated 
yvithin the neural parenchyuna) 

2 Hemangiomatous subtvpe (angiomatous meningi- 
oma) 

This is the most compi ehensive classification of 
the vascular meningeal tumors, for it also in- 
cludes those comprised of adult vessels This 
classification of the intracerebral or mtracere- 
bellai angioblastic tumors yvith meningioma is 

26 Courville, C B , and Abbott, K H Bull Los 
Angeles Neurol Soc 5 47, 1940 



MORAN— INTRACRANIAL VASCULAR TUMORS 


397 


not m keeping with the present day concept of 
cerebral tumois 

pathologic studa or the individual 
VASCULAR LESIONS 

From a suivey of the hteiatuie it becomes 
obvious that there are a numbei of vasculai 
lesions occurring within the inti acranial cavity 
whose structural chaiacteustics suggest that the} 
might be distinct entities The available litera- 
ture concerning these lesions is most conflicting 
and offers little help m suggesting some ordei h 
manner of thinking about them Thus, in ordei 
to arrive at a satisfacton classification, one 
should be compiehensne and considei not 
onh the pathologic structme of these lesions, 
which shoivs overlapping of mail} t}pes but 
also the clinical ieatuies Although the latter 
are obviously important space will peinnt no 
more than a brief leference to the clinical char- 
acteristics of each lesion Consequent!! , this 

paper will be restricted puncipallv to pathologic 
aspects It seemed possible that such a broad 
consideration when applied to the extensive avail- 
able literatuie and augmented b) a review of 
the cases obseived in the departments of neuio- 
psvchiatry and pathology of the Univeisit} of 
Minnesota Medical School might result in some 
success in suggesting a practical method of un- 
derstanding these vasculai lesions from a clinico- 
pathologic point of view In ordei to begin 
with a most unbiased approach, each type of 
intracranial vasculai tumor will be considered 
separately and individually and then an attempt 
will be made to find some orderly classification 
based on the observations The following lesions 
are the ones considered m this review 

1 Telangiectasis (dilated capillaries) 

2 Rendu-Osler disease (familial telangiectasia or 
generalized angiomatosis) 

3 Cerebral variv (simple anomalous veins similar 
to varicosities) 

d Sinus pencrami (vascular tumor of the forehead 
or the scalp communicating with the superior 
sagittal sinus) 

5 Cavernoma or cavernous angioma (closely packed 
large vascular spaces) 

6 Venous (racemose) angioma (cluster of vessels 
resembling veins) 

/ Arterial (racemose) angioma (a congeries of ar- 
teries) 

^ Arteriovenous (racemose) angioma (a congeries 
of arteries and veins) 

9 Angiomatous meningioma (adult blood vessel 
tumor of the meninges) 

10 Sturge-Weber disease (characterized by a facial 
nevus associated with cerebral calcification and 
angiomatosis of the overlying meninges) 


11 Angioblastoma (primarily a cerebellar tumor com- 
posed of embryonic vascular elements) 

12 Lmdau’s (von Hippel’s) disease (angioblastoma 
of the retina and the nervous system) 

13 Angioblastic meningioma (embryonic vascular 
tumor of meninges) 

14 Angiosarcoma (angioblastic tumor showing rapid 
grow th) 

15 Angioghoma (a combination of adult vascular and 
glia! elements) 

The material m the depaitments of neuro- 
ps}chiati\ and pathologv of the University of 
Minnesota Medical School consists of 39 cases 
ot vasculai tumors A pathologic investigation 
of the lesions was made in all but 2 cases In 
these 2 instances, a case of sinus periciann and 
a case ot Stuige- Weber disease the diagnosis 
was obvious without pathologic studies The 
following staining technics were employed in de- 
termining the anatomic structuie of the tumors 
hematoxylin and phloxine stain, Mallon -Heiden- 
hain azocarmine stain, Holzer stam for glia, 
Nissl stam, Peidiau stam for leticulum, Bodian 
silver stain for axons Weigeit-Van Gieson and 
Weigeit elastic tissue stains 

TELANGIECTASIS 

Int) oduchon — The tenn “telangiectasis” desig- 
nates a small lesion composed of a collection of 
dilated capillaries A number ot cases of telangi- 
ectasis have been reported m the literature, and, 
suipiismglv enough, little conflict of terminology 
is found, most authors using the term “telangi- 
ectasis ” Howevei, vascular tumors which are 
distinctly difteient structuially from this lesion 
have been descnbed as telangiectasis by Michael 
and Levin, 27 Oppenhemi, 2S Broeckaeit 29 and 
otheis A numbei with a suggestion of a transi- 
tional tendenc} towaid cavernous angioma ap- 
peared under the title of cavernoma or cavernous 
angioma, and a few probably “were tiue transi- 
tional forms ( Schmidt 30 , Beitzke 31 , Baum 32 , 
Schwe> er 3 ’ , Uyematsu 34 , Schlev 35 , Mala- 
mud 36 ) 

27 Michael J C , and Levin, P M Arch Neurol 
& Psvchiat 36 514 1936 

28 Oppenheim, H Neurol Centralbl 32 3, 1913 

29 Broeckaert, J Bulk Acad roy de med de 
Belgique 22 360, 1908 

30 Schmidt, O Beitr z khn Chir 118 178, 1920 

31 Beitzke, H Chante-Ann 31 360, 1906 

32 Baum Munchen med Wchnschr 58*411, 1911 

33 Sclwveyer, H Arb a d Geb d path Anat u 
Bakt 8 145, 1914 

34 Uyematsu, S J Nen & Ment Dis 52*388, 
1920 

35 Schlej, W Virchows Arch f path Anat 265 
665, 1927 

36 Malamud W Ztschr f d ges Neurol, u Psy- 
chiat 97*651, 1925 
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The lesion is almost always silent clinically, 
but on rare occasions symptoms may be pro- 
duced as a result of a rupture of one of the small 
vessels (Michael and Levin 27 ) A few pub- 
lished cases suggest hereditary factors , however, 
the evidence for this is weak (Kufs 37 , Oppen- 
henn 28 , Michael and Levin 27 ) 

Gioss Pathology — Telangiectasis is a rathei 
small, poorly circumscnbed lesion which may 
be found in almost any part of the nervous 
system It is common in the cerebrum, where 
it may be situated within the cortex, the white 
matter 01 the basal nuclei It usually occurs 
deep within the cerebral parenchyma and rarely 
reaches the brain surface An exception was 
reported by Jafte, 38 in which multiple telangiec- 
tasis was encountered in the meninges and the 
spinal nerve rootlets Telangiectasis is also found 
within the brain stem, where it shows a predilec- 
tion for the pons, according to Ohlmacher, 30 

Table 1 — Cases of InUaaamal Telangiectasis Studied 
m the Dcpaitmcnts of Neuropsychiatry and 
Pathology of the University of Minnesota 
Medical School 




Arc, 

Symp 

Gross 


Case Sex 

1r 

toms 

Appearance 

I oration 

1 

M 

51 

Silent 

Resembled petechiae 

Frontal lobe 

2 

M 

CO 

Silent 

Hemorrhagic lesion 

Globus pnlliduo 

3 

M 

57 

Silent 

Focus ot tlnj liemor 
Hinges 

'■temporal lobe 

i 

M 

57 

Silent 

Conglomeration oi 
small engorged vessels 

Ila'nl ganglions 
and mldbraln 


Schley, 30 Sommerfelt, 40 Leyser 41 and others 
In a few cases it has been reported located 
within the spinal cord ( Claude and Loyez 42 , 
Hadlick 43 ) It usually occurs as a single iso- 
lated lesion, but multiple involvement is not 
unusual In the latter case the lesions may be 
restricted to one relatively localized region of 
the brain or may be widely disseminated As 
many as 30 lesions have been discovered in a 
single patient (Huebschmann 44 ), 

The lesion is sometimes rathei inconspicuous 
and might be readily overlooked Its appearance 
in the cases tabulated here most commonly sug- 

37 Kufs, H Ztschr f d ges Neurol u Psycluat 
113 651, 1928 

38 Jaffe, R H Arch Path 7 44, 1929 

39 Ohlmacher, A P J Nerv & Ment Dis 26 
395, 1899 

40 Cited by Bergstrand, Ohvecrona and Tonnis 3 

41 Leyser, E Monatschr f Psycluat u Neurol 
51 83, 1922 

42 Claude, H , and Loyez, M Rev neurol 19 181, 
1911 

43 Hadlick, R Virchows Arch f path Anat 172 
429, 1903 

44 Huebschmann Deutsche Ztschr f Nervenh 72 
205, 1921 


gested a focal collection of petechiae Occa- 
sionally one can grossly identify the tiny vascular 
spaces filled with blood (case 4) Even though 
the lesion strongly resembles petechiae, rupture 
of the vessels with extra\asation of blood is 
extremely rare, and only 1 case of this kind has 
been found recoided in the literature (Michael 
and Levin 27 ) 

Mta oscopic Anatomy — The lesion consists of 
a collection of numerous engorged capillaries or 
cavernous spaces which are always separated by 
various amounts of relatn ely normal brain tissue 
The capillaries may be small, but larger cavern- 
ous spaces may be prominent Regardless of 
the size of the vessel, its wall consists of a 
single layer of flat endothelium, v Inch occasion- 
ally is surrounded by a thm run of collagenous 
tissue Smooth muscle and elastic elements are 
never present The vessels, as a rule, are not 
so numerous that they replace any significant 
amount of brain tissue or produce any notable 
alterations in the regional neural parenchyma 

RENDU-OSLER DISEASE 

Inti oductwn — Rendu-Oslcr disease is a rare 
familial condition m which telangiectatic lesions 
are disseminated over the skm and may involve 
various internal organs The nervous system 
generally is not implicated, but a few cases of 
neural involvement have been reported There- 
fore, it becomes necessary to review this syn- 
drome briefly 

A number of terms have been used for this 
disease It has most often been referred to as 
familial telangiectasia or generalized angioma- 
tosis Although it was first described by Sut- 
ton 40 m 1864, it was named after Rendu 4C 
and Osier, 47 who published their cases at a later 
date 

Pathologic Fcatiocs — The individual lesions 
are quite typical of telangiectasis regardless of 
their location The lesions of the skm are com- 
monly present at birth and increase with age 
They are red to purple and \ary considerably 
m size but seldom do they exceed a few milli- 
meters m diameter Telangiectasis commonly 
involves the mucous membianes of the respira- 
tory' and gastrointestinal tracts and the urogenital 
system Hemorrhage from the lesions is com- 
mon, and the clinical sy'mptoms are the result of 
this bleeding 

45 Sutton, H G M Mirror, London 1 769, 1864 

46 Rendu Bull et mem Soc med d bop de Paris 
13 731, 1896 

47 Osier, W Bull Johns Hopkins Hosp 12 333, 
1901 
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Lesions of the central nervous sj'stem are silent 
clinically unless they produce intracerebral or 
subarachnoid bleeding Cases of the disease with 
verified cerebral involvement have been recorded 
by Archer 48 and Goldstein 49 Generally thei e 
are many persons in the family for several gener- 
ations afflicted with this condition 

CEREBRAL VARIX 

Inti oduction — This lesion consists of abnor- 
mal, dilated, thm-w ailed vessels situated either 
within the brain substance or on its surface 
Schaltenbrand 50 reviewed the literature and was 
able to find reports of only 13 cases in addition 
to bis own The vascular abnormalities are most 
frequently referred to as varices or varicosities 
Dandy 7 in reporting cases of varices .of the 

i 

Table 2 — Cases of Cerebral Vances Studied in the 
Departments of Neuropsychiatry and Pathology 


of the Univci sity of Minnesota 

Ca^ Sex 

Age, 

Yr 

Sjmptoms and 
Findings 

Gross 

Appearance 

Location 

5 F 

53 

Silent 

Not visible 

Subcortical 
white 
matter of 
cerebrum 

0 F 

47 

Headache, con 
confusion, pare 
sis of left up 
per limb, stupor 

Subarachnoid 
bleeding, a large 
collection of 
varices with vas 
cular channels 
connecting with 
the straight sinus 

Surface of 
nght oc 
cipital lobe 

7 F 

75 

Vomiting, 
diplopia, visual 
hallucinations, 
papillitis, par 
tial deafness, 
disorientation, 
stupor 

Ventricular and 
subarachnoid 
hemorrhage, 
varices over- 
looked on gross 
examination 

Cerebellum 
and region 
of pineal 
gland 


superior sagittal sinus incorrectly called the 
varices dural aneurysms, while Cushing and 
Bailey 1 classified their 2 cases with cases of 
venous angioma Benda 23 advanced the title 
“phlebectasia ” 

The lesions may be clinically silent and hence 
m ay be discovered accidentally at autopsy 
(case 5) In many cases, however, clinical 
symptoms do occur but are usually the result 
°f intracranial hemorrhage or, less commonly, 
°f vascular thrombosis eventuating from the 
varix 

C? oss Pathology — V arices are often not visible 
0r i gross examination or may frequently be over- 
looked because of their small size (cases 5 and 7) 

48 Archer, cited b\ Goldstein, H S Arch Int 
ned 27 102, 1921 

49 Goldstein, p S Internat Clin 3 148, 1930 

50 Schaltenbrand, W Frankfurt Ztschr f Path 
52 363, 1938 


In a number of cases, however, they are suf- 
ficiently large to be seen readily (case 6) and 
may even measure several centimeters in diam- 
eter (Beger 51 ) In all the cases tabulated in 
this section multiple anomalous vessels com- 
prised the lesions ^The number of vessels in 
a lesion is, as a rule, not large , occasionally one 
encounters a varix consisting of a single large 
vessel (Guldenarm and Winkler 52 , Pfannen- 
stiehl 53 , Beger 51 , Wohak 54 , Marx 55 ) There 
is no site of predilection In fact, the vanx may 
occur m any location within the brain or on 
its surface, frequently involving even the dural 
sinuses (Wohak 54 , Marx 55 , Dandy 7 ) In the 
lattei case there is a large vascular dilatation 
which may cause partial erosion of the overlying 
skull and occasionally softening of the adjacent 
cerebral tissue The dural sinuses may be in- 
volved directly by the varix or may be connected 
with it by means of anomalous vascular channels 
(case 6) 

The most common complication of the intra- 
cerebral varix is an intracranial hemorrhage 
(cases 6 and 7) Depending on the location 
of the abnormal vessel which ruptures to pro- 
duce the bleeding, blood may extravasate into 
the brain tissue, the subarachnoid space or the 
ventricular system 

Miaoscopic Anatomy — The cerebral varix 
shows a rather characteristic histologic picture 
It consists of a relatively large thm-walled vessel, 
usually lined by a single layer of endothelium 
and encircled by a relatively thin lamina of 
fibrous connective tissue (fig 1) The latter 
often undergoes hyaline degeneration Muscle 
fibers and elastic elements are generally absent 
(Schaltenbrand 50 , Esser 56 ) These vessels fre- 
quently resemble the large vascular spaces of 
cavernous angioma, but in contrast to the latter 
the varicose vessels are separated from one 
another by cerebral parenchyma This regional 
cerebral tissue may be intact or may show rather 
prominent degenerative and reactive alterations 

When muscle or elastic tissue is found m the 
wall of the varix, these elements are less prom- 
inent than in normal veins A lesion showing 
this kind of vascular structure presents a vague 

51 Beger, H Virchows Arch f path Anat 231 
439, 1921 

52 Guldenarm, J A , and Winkler, C Nederl 
tijdschr v geneesk 27 217, 1891 

53 Pfannenstiehl Centralbl f Gvnak 11 601, 1887 

54 Wohak, H . Virchows Arch f path Anat 242 
58, 1923 

55 Marx, A M Med Klin 21 1612, 1925 

56 Esser, A Verhandl d deutsch path Gesellsch 
20 411, 1925 
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lesemblance to racemose angioma However, m 
the varices, vessels of relatively typical aiterial 
01 venous structure aie nevei seen, and the 
vessels are less numerous and more uniform in 


structure than the numerous irregular, most 
vanable elements of racemose angioma 

The usual complication in this lesion is a 
ruptuie of the varix vail with a resulting cerebral 



Fig l-=Small intracerebral varices Note the large dilated vascular spaces separated by intact cerebral tissue 
The vessel walls are thin, consisting of a flat endothelial lining and a thin layer of fibrous connective tissue 
Weigert-Van Gieson stain 

Fig 2 , — The characteristic appearance; 1 of venous angioma is observed in the cone-shaped mass of angiomatous 
vessels extending deep into the cerebral hemisphere Note the large tortuous vessels over the surface of the 
lesion, which course along the meninges of the neighboring regions of the brain for some distance i 

Fig 3 — Cerebellar angioblastoma demonstrating numerous small vascular spaces separated by proliferating, 
endothelial cells. Hematoxylin and eosin stain 
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letnorrhage Thiombosis with hemorrhagic in- 
farction was encountered in Amsler’s 57 third 
;ase and my case 6 

The etiologic natuie of the intracianial varices 
has occasioned much speculation Most authois 
(Anders, 58 Kallenberger, 59 Kaufman, 00 Orth 01 
md otheis) have thought that they lesulted 
from a congenital weakness of the vessel walls, 
but others have postulated that they eventuated 
from an earlier lenous inflammation (Beger 51 ), 
from prolonged trauma over bony ridges 
(Amsler 57 , Fisher 02 ) or from mechanical fac- 
tors eventuating from abnoimal piesentation 
A the head dvw«vg hwth 

SINUS PERICRANU 

Inti oduchon — Smus pericranu is a vascular 
tumoi which, as a rule, protrudes from the fore- 
head and communicates with the superioi sagit- 
tal sinus Although this lesion is laigely out- 
side the skull, it should be considered with the 
intracranial vasculai lesions because of its con- 
nection with the superior sagittal smus and its 
occasional production of cerebral symptoms Foi 
some reason, most authors when discussing the 
vascular neoplasms of the brain fail to mention 
this condition 

The lesion was fust described in 1760 by 
Percival Pott 03 and later was termed sinus 
pericranu by Stromeyer 04 Hahn 05 in 1928 re- 
viewed the literature, discovering 84 lecorded 
examples 

Clinically, sinus pencranu in man}' cases pio- 
duces no symptoms other than the tumor of the 
forehead The tumor appears early in life and 
may enlarge slowly over a period of many years 
It is soft and compressible Anything that in- 
creases the mtrathoracic or the venous pressure, 
such as coughing or straining and lowering the 
head, causes the tumor to enlarge In rare cases, 
variable cerebral symptoms, including increased 
intracranial pressure and a ceiebral bruit, have 
been described 

Gioss Pathology — The tabulated case was not 
studied pathologically, and unfoi tunately few 

1912 Am$ler ’ C Frankfurt Ztschr f Path 11 254, 

eT r ^ n ^ ers Beitr z path Anat u z allg Path 
64 540, 1918, 

mi ' Kallenberger, W Virchows Arch f path Anat 
WO 130, 1905 

60 Kaufman Zentralbl f Gynak 37 209, 1897 
1 Orth, J Lehrbuch der speciellen pathologischen 
Anatomic, Berlin, A Hirschwald, 1887 

"Fisher, B Beitr z path Anat u z allg path 
27 484, 1900 

r i I P > cited by Hahn 65 

M Stromeyer Deutsche Kim 11 160, 1850 

65 Hahn, E Arch Surg 16 31, 1928 


careful pathologic studies have been published 
In a majority of cases the tumor was situated 
in the midportion of the foiehead as m the case 
tabulated, but almost any point along the 
superior sagittal smus as far back as the occipital 
region has been involved in occasional instances 
(Wakely) A defect occurs m the underlying 
cranial bones allowing the lesion to communicate 
with the adjacent dural smus The appeal ance 
of the actual lesion is that of a congenes of small 
and large vascular spaces, often lesembhng 
caveinous angioma In fact, it is likely that a 
numbei were similai to cavernous angioma 
(Mueller 00 ) 

Micioscopic Anatomy — Generally there are 
numeious thin-walled vasculai spaces, which 
are of irregular contour and are embedded in 
fibrous connective tissue The spaces are con- 
nected with one another by a multiplicity of 
small anastomotic vascular channels having the 
structure of capillaries In Wakely’s case the 
mtervascular areas were highly cellular, creating 
an appearance which the author felt was con- 

Tablf 3 — A Case of Smus Pericranu* 

Case Sev Age Symptoms and Findings 

8 F 4 } r Enlarging tumor of midline of forehead con- 
taining venous blood It was obliterated 
by injections of a sclerosing solution 


* 4. report of this case was published previously (Peyton, 
W Minnesota Med 21*590, 1938) 

sistent with angioblastoma Although fuither 
pathologic studies must be made before definite 
conclusions can be drawn regal dmg the anatomic 
structure of the tumor, it appears as if it may 
consist of capillaries, caveinous spaces, arteries 
01 veins and possibly even prolifeiating angio- 
blasts Furthermore, the clinical symptoms in 
certain cases suggest that there is an associated 
intracianial vascular lesion m addition to the 
communication with the sagittal sinus 

CAVERNOUS ANGIOMA 

Inti oduchon — Cavernous angioma is a vas- 
cular lesion comprised of closely packed dilated 
vascular spaces which are not separated by biain 
tissue It is often referred to as cavernoma 
Dandy 7 m reviewing the literature discovered 
44 cases of what he eonsidered to be cavernoma 
Other authors, however, have felt that Dandy 7 
included a number of vascular tumors which 
were not cavernous angioma but were actually 
other forms, such as racemose angioma and 
telangiectasis (Bergstrand and co-workers, 3 
among others) Many authors have recorded 


66 Mueller, A Klin Wchnschr 49 1372, 1912 
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cases which have been generally acceptable — foi 
example, Lorenz, 07 Hadhck, 43 Baum," 2 Stief, 08 
Dandy, 7 Schmidt, 30 Rossohmo 00 and Bei gstrand 
and his collaboratoi s, 3 as well as others 

The literature on cavernous angioma contains 
a confusing number of terms, primarily because 
many of the authors have not undei stood the 
basic structure of tumors of this type Yates and 
Paine 70 regarded what appeared to be a cavern- 
ous lesion as an arteriovenous angioma because 
they weie able to inject it aftei death through its 
artei lal supply Cushing and Bailey 1 confused 
cavernoma with angioblastoma, regarding some 
examples of the latter as repiesentmg a cavern- 
ous type of angioblastoma In none of their 
cases, however, was a true cavernous tumor 
described Lesions of this type have also been 
placed undei the heading of telangiectasis 
(Michael and Levin 27 ) 


Table 4 — Cases of Cavernous Angioma Studied in the 
Departments of Ncuropsychtafi y and Pathol- 
ogy of the Ihnveisity of Minnesota 


Age, 

Case Sex lr 
1 F 3G 


10 M 02 


11 M 10 


Sjmptoms and 
Findings 

J acksoman epi 
lepsj, liemi 
plegia, cranial 
bruit, mtellcc 
tual deteriora 
tion 

Jacksonian cpl 
lepsj , liemi 
paresis, apha 
sia, increased 
intracranial 
pressure 

Increased intra 
cranial pres- 
sure somno 
Jence, obesity, 
polyuria, fail 
ing memorj 


Gross 

Appearance 

Intracerebral 
spongj tumors 
comprised ol 
closelj' packed 
dilated and thin 
walled tcssels 

Wedge shaped 
tumor made 
up of large 
dilated blood 
vessels ivlthln 
brain 

Spongj vns 
cular tumor 
within ventrlc 
ular system 
producing in 
ternal hydro 
cephalus 


Location 

One large and 
3 «mnll tumors 
uithin cere 
bruin 1 Plthln 
cerebellum 


Left ironto 
parietal region 


Third ventricle 
andhj’pothnla 
raus 


Cavernous angioma produces no chaiactenstic 
symptoms , in many instances it is entirely silent, 
while m others it is manifest in a variable picture 
of recurrent convulsive or focal phenomena A 
cranial bruit is a rare finding, but intracranial 
hypertension is not uncommon 

Gioss Pathology — In the literature, cavernous 
angioma is generally described as being situated 
deep within the brain substance but in all the 
cases tabulated here it reached the brain surface, 
and in 2 cases the overlying surface was covered 
with enlarged tortuous vessels In the already 
published cases the tumor was located in order of 

67 Lorenz, F O Cavernoses Angiom des Rucken- 
marhes, Inaug Dissert, Jena, B Engau, 1901 

68 Stief, A Ztschr f d ges Neurol u Psychiat 
93 181, 1924 

69 Rossohmo, G Neurol Centralbl 15 714, 1896 

70 Yates, A , and Paine, C G Brain 53 38, 1930 


frequency within the frontopai letal region, the 
pons, the vicinity of the third ventricle and the 
occipital lobes In the cases tabulated here the 
tumoi was found m the cerebral hemispheres, 
the thud ventricle and the cerebellum, respec- 
tively Cavernous angioma is usually single 
(cases 10 and 11), but occasionally it may be 
multiple and widel) disseminated (case 9) 
Other instances of multiple lesions were reported 
by Riddocly 1 Federoff and Bogorad 72 and 
Kufs 37 

The tumor itself is reddish-brown or bluish 
and consists of large thin-walled vascular spaces 
which are closely packed It is, as a rule, com- 
pressible and spongehke, especially when the 
cavernous vessels aie large The individual 
vascular spaces vary considerabl) in size and may 
be so congested as to obscure the cavernous 
vessel walls, thereby presenting a superficial 
resemblance to an intracerebral hemorrhage 
The lesion may be quite sharply circumscribed or 
ma) merge gradually with the neighboring 
parenchyma, the vessels m these regions being 
separated b\ nerve tissue, m contrast to the 
observation within the bod) of the cavernoma 

The lesion replaces the involved area of the 
brain and often produces atroph) of the regional 
tissues This atropln may m turn create secon- 
dar) dilatation of the adjacent ventricle Occa- 
sionally cavernoma protrudes into a ventricle, 
w'here it obstructs the outflow' of cerebrospinal 
fluid, thereb) producing obstructive internal 
hydrocephalus (case 11) Although rare, there 
are authentic cases in which vessels in a caver- 
noma have ruptured with resultant cerebral 
hemorrhage (Bergstrand and his associates 3 ) 

Mici oscoptc Anatomy — The histologic ap- 
pearance of cavernous angioma is constant The 
tumor is composed entirely of dilated vascular 
spaces filled with blood Since there is no 
cerebral parenchyma separating the vessels, their 
walls are in direct contact with one another 
The thin w'alls are comprised solely of fibrous 
connective tissue which is generally largely 
hyaline The cavernous lumens are lined with a 
single layer of flattened endothelium which never 
shows any significant proliferative changes 
Elastic and smooth muscle fibers are almost 
nevei observed (cases 9 and 11) Case 10, how- 
ever, was an exception, for even in the most 
classic cavernous regions an occasional vessel 
wall revealed a very thin and delicate elastic 
membrane adjacent to the intima, as well as 
a few smooth muscle fibers Vascular calcifica- 

71 Riddoch, G Proc Roy Soc Med 24 382, 1931 

72 Federoff, H , and Bogorad, F Ztschr f d g es 
Neurol u Psychiat 94 497, 1924-1925 
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tl0 n is common (cases 9 and 11), and thrombosis 
of the cavernous spaces occurs (case 10) 

Around the peripheiy of the lesion certain 
•vessels which are separated by brain tissue may 
.have arterial or venous structure These prob- 
ably represent the afferent and efferent vessels 
of the tumor The neaiby brain tissue often 
’ undergoes regressive alterations and even actual 
softening with concomitant reactive gliosis (case 
11 ) 

VENOTJS ANGIOMA 

Introduction — Venous angioma is a tumoi 
of the brain comprised of a congeries of vessels 
structurally resembling veins Under this title 
only those venous tumors extending deep into 
the brain parenchyma are considered , those 
limited to the meninges covering the cerebial 
tissues are correctly discussed later as angioma- 
tous meningioma Such a distinction was usually 
not made m the literature 

Largely because of the conflicting viewpoints 
regarding the structure of venous angioma, a 
rather redundant and confusing nomenclatuie 
has appeared m the literature A few examples 
of these titles are the following “venous 
aneurysm,” a name which was obviously unsatis- 
factory (Vincent and Heuyer 73 , Rienhoff 20 ) , 
“venous anomaly” or “plexiform angioma” 
(Dandy 7 ), and “venous hamartoma” (Turner 
and Kernohan 13 ) Very often tumors of this 
type are referred to as cirsoid angioma or rank- 
enangioma Completely inaccurate terms are 
frequently encountered, as in Christiansen’s 74 
case, in which a venous tumor was entitled 
cavernous angioma The term “venous angioma” 
is the most descriptive name, however, the title 
“venous racemose angioma” also should be 
accepted because of its wide use 

Reports of cases have been surprisingly in- 
frequent and often incomplete The apparent 
rarity of this venous lesion may be partly ex- 
plained by the atypical nature of the clinical 
picture, which rarely permits antemortem diag- 
nosis, and the prolonged clinical course, which 
makes it most difficult to follow the case to its 
termination, when an autopsy could be per- 
formed Examples of venous angioma have been 
reported by Cushing and Bailey, 1 Bergstrand 
and his associates, 3 Durck, 75 Therman, 70 Orbi- 

73 Vincent, C L , and Heuyer, G Rev neurol 
1 509, 1929 

74 Christiansen, V Les tumeurs du cerveau, Paris, 
Masson & Cie, 1921 

Durck, H Munchen med Wchnscbr 54 1154, 
1906 

76 Therman, E Arb a d path Inst d Umv 
Helsingfors 3 67, 1910 
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son, 77 Dowling 78 and Wolf and Block,' 9 as 
well as many other aufhors 

The most frequent clinical manifestations arc 
lecuriing subarachnoid hemorrhage and repeated 
apoplectic attacks Much of the confusion re- 
garding the symptoms results from the frequency 
with which cases of Sturge-Weber disease have 
been legal ded as instances of venous angioma 

Gross Pathology — The most classic variety 
of venous angioma is a wedge-shaped or cone- 
shaped lesion in which the base of the cone 
is m contact with the leptomemnges and the tip 
reaches the ventricle (fig 2) An aggregation 
of intertwining vessels is usually observed on 
the surface overlying the involved area When 


Tame 5 — Cases of Venous Angioma Studied in the 
Departments of N curopsychiatry and Pathology 
of the University of Minnesota 


CllEC, 

fee\. 

Age 

Symptoms nnd 

1 indings 

Gross 

Appcnrnnce 

Location 

12 

M 

37 jr 

Increased intra 
cranial pressure, 
mcnlngcnl irrlta 
tion, aphasin, 
hemiplegia 

\\ edge shaped v ascuiar 
tumor within brain as 
soeiated with sub nrach 
noid nnd intracerebral 
bleeding nnd cnccphnlo 
malacin 

Rolandic 
region of 
cerebrum 

13 

M 

31 jr 

Recurring cpi 
sodes of menin 
geal irritation 
and stupor 

Vnsculnr tumor ob 
structing ventricular 
sjstem and extending 
over cerebral base 

Third 
v cntricle 

U 

F 

19 dnjs 

Spina bifida, 
paralj sisof loner 
limbs, Arnold 
Ohiari deformitj 
of cerebellum 
(removed sur 
gically) 

Snrgicnl defect and 
internal hydro 
cephalus 

Cerebellum 

35 

F 

29 jr 

Headnche, di 
plopia, writhing 
movements, ex 
tensor rigidit> of 
limbs, ultimate 
coma 

Large tortuous vessels 
within an Intracerebral 
hemorrhage rupturing 
into ventricle, asso 
elated cercbrnl aneurysm 

Thalamus 

16 

311 

35 yr 

Patient found 
dead 

Vascular tumor within 
brnin 

Right Iron 
tnl lobo 


the tumor is small, it may extend only to the 
deeper sulci, in which case the surface of the 
brain may appear normal or may reveal only a 
few enlarged vessels resembling varices (case 
12) Within the brain there is a tangled mass 
of large vessels, which are separated from each 
other by thin layers of cerebral tissue The 
resultant appearance somewhat resembles a 
varicocele (Bergstrand and his collaborators 3 ) 
In rare instances the vessels are less closely 
arranged, being more sparsely distributed over 
the involved area (case 15) Occasionally the 
superficial vessels may communicate freely with 

77 Orbison, T J J A M A 64 1575, 1915 

78 Dowling, E Bol y trab , Soc de cir de Buenos 
Aires 10 589, 1926 

79 Wolf, A, and Brock, S Bull Neurol Inst 
New York 4 144, 1935 
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the dural sinuses (Hyland and Douglas 80 ) 
Cushing and Bailey 1 insisted that the afferent 
aitery of venous angioma is nevei enlarged, but 
case 13 m my table 5 shows that this is not 
always tiue The lesion may actually protrude 
into a ventricle and if laige enough may actually 
fill the ventricle, producing obstructive hydro- 
cephalus (case 13) 

Venous angioma is not an expansile tumor , 
lather it replaces the tissue of the involved aiea 
and not uncommonly causes definite atrophy of 
the legion which may be evidenced by consider- 
able dilatation of the neaiby ventricle (case 12) 
and a pool of fluid ovei lying the shrunken cortex 
(Dandy 1 ) Not infrequently some bleeding re- 
sults from the tumor, which is most commonly 
evidenced by a thin layer of subaiachnoid blood 
Larger hemon hages also occui either intra- 
cel ebrally or into the ventricles (cases 12 and 
15) Areas of encephalomalacia may be found 
adjacent to the tumoi 

Mici oscopic Anatomy — Most of the vessels in 
venous angioma structuralh resemble normal 
\ems In rare instances the tumor may consist 
ot venules (case 14) but iieier of aiteries oi 
arterioles, although a few artei loles ma\ be 
present in scattered areas tlnoughout the tumoi 
The vessels are usually irregular and bizaire in 
shape Their walls aie relatively thin but maj 
show considerable variation Occasionally, how- 
ever, scattered vessels may piesent thick walls, 
while others may reveal marked irregulauty 
within the circumference of a single stiuctme 
The structure of a single vessel is usually con- 
stant The innermost layer consists of a single 
flat endothelial lining, often associated with a 
delicate elastic membrane This endothelium 
may undergo localized piolifeiation, producing 
finger-like projections into the lumen of the 
vessel The elastic lamina, although forming 
fine reduplications, is usually not prominent and 
is often incomplete oi even absent The prin- 
cipal mural element of the vessels of these tumors 
consists of fibrous connective tissue, which un- 
derlies the endothelial and elastic laminas These 
elements are generally of moderate thickness and 
may be intermixed with a few smooth muscle 
fibers However, a prominent musculai layer 
does not occur in vessels regarded as venous in 
nature 

The cerebral parenchyma separating the ves- 
sels and surrounding the lesion manifests rather 
marked changes such as demyelmation, degen- 
erative alterations of nerve cells, gliosis, enceph- 
alomalacia and occasionally hemorrhage 

80 Hyland, H H , and Douglas, R P Arch 
Neurol & Psychiat 40 1220, 1938 


A number of mvestigatois in leporting on the 
morphologic anatomy of tumors of this type 
legal ded many of the thin-walled vessels, even 
those without a well formed lamina muscularis, 
as aitenal m structuie merely because a thin 
elastic membiane w r as obsei\ed Bergstiand and 
his collaboratois 3 maintained that the vessels 
weie so abnormal that it u r as impossible to ascei- 
tain wdiether or not they w r ere arteries oi \ems 
1 hat the vessels are abnormal is obviously true 
however, m the cases tabulated here it was not 
difficult to detcimine the more specific nature 
of the icssels Thciefore, onl) the lesion which 
is composed of tessels principally of venous 
structure should be regarded as venous angioma 

ARTIRIU, ANGIOW \ (rACHMOSUM) 

The name “arterial (racemose) angioma re- 
feis to a rasculai tumor consisting exclusivel) 
of a conglomeration of coiled aiteries Sim- 
monds 18 favored the name “angioma aiteriale 
serpentmum ” Since the title “artei lal angioma’’ 
has often been emplovcd for lesions containing 
veins as well as arteries, most of the cases pub- 
lished in the literature actuall) were cases of 
aiteriovenous angioma In order to establish 
the diagnosis of angioma aiteriale, it is necessaiv 
to prove that the affeient and efferent vessels as 
well as those comprising the tumor all ha\e 
aitenal structure If such a cuteiion is followed, 
it is questionable w'hethei such a lesion can be 
found (Bergstiand and Ins associates 3 ), although 
its occunence constitutes a theoretic possibility 

arti:rio\enoijS angioviv 

Inti oduclion — Arteriovenous angioma is a 
vascular tumor compnsed of a tangled plexus 
of vessels resembling both arteries and veins A 
multiplicity of often ambiguous and confusing 
terms have been emplojed in the lecoiding of 
cases Lesions of this type have been refened 
to as aitenal angioma (Cushing and Bailey 1 
and others) Such a name, however, implies 
that they are compnsed entnely of arteries 
They also have been designated as artei lovenous 
aneurjsm (Bergstrand and his co-workers, 3 
Dandy 7 and others) , howevei, this title is more 
conectly used in describing the traumatic fistula 
between the internal carotid artery and the cav- 
ernous sinus, which is not consideied in this re- 
view Other terms have also been suggested 
such as “aneurysmal angioma” (Craig 81 ), 
“arteriovenous hamartoma” (Turner and ICeino- 
han 13 ), “cirsoid aneurysm” (Uiberall S2 ) and 

81 Craig, W M Am Heart J 17 40, 1939 

82 Uiberall, H Ztschr f d ges Neurol u Psy- 
chiat 124 863, 1930 



NORAN— INTRACRANIAL VASCULAR TUMORS 


405 


many others A few extremely confusing terms 
have been encountered such as “angioma anasto- 
moticum,” “varix aiteriale,” “varix aneuiysma- 
ticus’ and “rankenaneurysm ” Although the 
term “arteriovenous angioma” raiely appears in 
the recorded publications, it seems the most 
consistent with the pathologic stiuctuie and 
therefore should receive pieference ovei other 
titles It should also be mentioned that even 
though a lather large numbei of cases have been 
recorded, in very few of the descriptions has 
the anatomic structure been stressed 

The most characterise clinical picture con- 
sists of convulsne seizures associated with focal 

Table 6 — Cases 0} Attcnovcnous Angioma Studied 
m the Departments of Neuropsychtatiy and 
Pathology of the University of Minnesota 


Case, 

Se\, Symptoms and Gross 

Age Findings Appearance Location 


17 
M 
26 jr 


18 

F 

5G \r 


19 

F 

46 yr 


20 
M 
57 yr 


Deformed head, 
obesity, hypo 
plastic genitalia, 
strongly pulsat 
ing carotid ar 
teries, optic 
atrophy, e\oph 
thalmos, positive 
Babinski signs, 
cerebellar symp 
toms, right 
hemihypesthcsia 

Petit and grand 
mal convulsions, 
attacks of aplm 
sia, right herai 
paresis and hemi 
anesthesia 


tor> large tortuous 
i cs^els coursing diffusely 
over surface of brain 
and along \cntriclcs, 
large c\pansllc vascular 
tumor producing oh 
structnc internal hydro 
cephalus 


Extensile nedge shaped 
\ oscular tumor within 
brain substnnee com 
pressing adjacent ven 
tricle, port of tumor 
filled with hemorrhage 


Grand mal con Subarachnoid bleeding, 
vulsions, tem large angiomatous yes 
poral fits, emo sols over cerebral sur 
tional and neu face, large intracerebral 
rotlc disturbances hemorrhage containing 
and intellectual numerous large angiom 
deterioration atous vessels 

Right sided j acL- Large vascular tumor 
soman epilepsy, within brain containing 
hemiparcrsis, diffuse hemorrhage 
hemihypesthesia, which had extravasnted 
aphasia into subarachnoid space 

and y cntriclcs 


Cerebellum 


Gri liter 

pnrt of left 

cerebral 

hemisphere 

nboye 

lateral 

ventricle 

Left tern 
poral lobe 


Left pnric 
tnl and 
occipital 
regions 


symptoms lecturing foi many years Contraiy 
to the generally accepted conception, a cranial 
bruit and increased inti acranial pressure are not 
common findings Moreover, roentgenographic- 
a % demonstrable calcification is more common 
within lesions of this type than in purely venous 
lesions 

Gioss Pathology — Arteriovenous angioma oc- 
curs most commonly in the ceiebral henuspheies 
and only rarely in the cerebellum (case 17) In 
appearance the lesion is so similar macroscopic- 
allv to venous angioma that a differential diag- 
nosis cannot be made by gross examination alone 

Ae the venous, the arteriovenous tumor often 
occurs as a wedge-shaped lesion extending deep 
mto the brain paienchyma Although it fre- 


quently only leplaces the involved tissue, result- 
ing in atrophy of the region, 111 certain instances 
it behaves as an expansile growth compressing 
the suiioundmg structures (case 17) This 
occasional expansile nature is not encountered m 
venous angioma 

As a 1 ule, the tumoi is confined to one region 
of the brain (case 19) but may in certain in- 
stances extend throughout a cerebral hemisphere 
(case 18) Usually the entire surface of the 
involved region is coveied with a dense plexus 
of angiomatous vessels Not infrequently laige 
abnormal vessels aie obseived over extensive 
areas of the brain suiface not directly related to 
the puncipal vasculai tumoi These vessels as 
well as those overlying the angioma itself often 
connect with enlaiged tortuous vessels situated 
over the basilai stiuctuies The latter vessels, 
m rare cases, may couise along the optic nerve 
to reach the oibit and even the retina, according 
to Heitmullei , 83 Kreutz, 81 Rotgans and Winkler S5 
and others Exophthalmos may 1 esult, as in case 

17 Occasionally 111 cases of artenovenous angi- 
oma, large toituous angiomatous vessels are 
observed involving the scalp A model ate degiee 
of dilatation and hypertrophy of the arteiy sup- 
plying the region involved by the angioma occui s 
moie frequently in the aiteriovenous than in the 
\enous tumoi 

Some poition of the angioma is usually in 
contact with one of the -\entncles, occasionally 
pioducmg considerable compiession and even 
obstiuetion of the invoked poition of the ten- 
tricle Obstiuctive hydrocephalus may result in 
this way, but more frequently ventricular dilata- 
tion eventuates from the diffuse parenchymal 
atrophy At times large angiomatous vessels 
may be observed coursing along the ventricular 
walls at a gieat distance fiom the mam lesion 
(case 17) 

In many cases some foim of mtraceiebral 
hemorrhage eventuates from the ruptuie of one 
of the angiomatous vessels (cases 18, 19 and 
20) Bleeding may be so extensive as to obscure 
much of the vasculai nature of the tumor, creating 
the appearance of a cerebral hemorrhage (cases 

18 and 19) Subarachnoid and intraventricular 
bleeding are both common Occasionally the 
rupture of a ceiebral hemorrhage mto a ventncle 
produces a cyst communicating with the ven- 
tricle (Sorgo 80 ) Grossly visible vascular calci- 

83 Heitmuller, G H J A M A 42 648, 1904 

84 Kreutz, A Wien med Wchnschr 53 1726, 1903 

85 Rotgans, J, and Winkler, C Anevrysme race- 
weux de la pie-mere de l’hemisphere gauche Exoph- 
thalmic pulsatile a droite Trepanation Hemiplegie 
transitoire L etat actual de la chirurgie nerveuse Ear is 
Chipault, 1902, p 695 

86 Sorgo, W Zentralbl f Neurochir 3 64, 1938 
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fication is encounteied with much greater fre- 
quency than in cases of venoua angioma 

Mia oscopic Anatomy — This variety of vas- 
cular tumoi is comprised of a collection of adult 
blood vessels which are separated from one 
anothei by brain tissue The general histologic 
picture is similar to that described previously foi 
venous angioma Scattered tlnoughout aiterio- 
venous angioma, however, there are numerous 
vessels clearly resembling arteries In 3 of the 
4 cases tabulated heie (17, IS and 20), moie 
than half of the vessels were arterial, while in 
only 1 case (19) were veins more numerous, 
yet even in this case vessels resembling aiteries 
weie prominent throughout the tumor 

As the vessels of artenal structure aie the 
only moiphologic feature by which artenovenous 
angioma can he distinguished from venous angi- 
oma, the micioscopic anatomy of only these 
vessels requires description They tend to be 
round or oval but may be megular in contour 
Their walls aie generally thick, with the indi- 
vidual vessels leveahng little variation in their 
mural thickness 

The most chatacteristic feature of such a vessel 
is the presence of a relatively thick la>er of 
smooth muscle comprising much of the wall No 
vessel should be considered arterial without this 
type of tunica media The lumen of the vessel 
is lined by a single layei of endothelium which 
may produce partial occlusion of the lumen 
through its proliferation A prominent thick 
and wavy internal elastic membrane is usually 
present around the entire circumference of the 
vessel It frequently reveals multiple reduplica- 
tions Such an elastic ultima may be absent m 
an occasional arterial vessel and hence is of less 
value than the mucular lamina in determining 
the vessel’s arterial structure 

Degenerative changes in the vessel wall aie 
not prominent, but calcification of scattered ves- 
sels is the rule The parenchyma suriounding 
the lesions and separating the individual vessels 
shows considerable degeneiative alteiations, such 
as disease of nerve cells, demyelination, enceph- 
alomalacia and gliosis Extensive hemorrhages 
and large cerebral softenings ai e not uncommon 

ANGIOMATOUS MENINGIOMA 

Introduction — Angiomatous meningioma is a 
vascular tumor of the meninges comprised of 
various combinations of adult blood vessels, such 
as arteries, veins, cavernous spaces or capillaries 
The lack of involvement of the undei lying cere- 
bral tissue differentiates this type of vasculat 
tumor from the deeper, parenchymal angioma 

The literature is most meager as icgards angi- 
oma of the meninges, onlj a few verified cases 


having been lcpoited, such as those lecoided 
by Worstei-Di ought and Ballance 87 and Globus 8 
Globus 8 w T as the only author to use the term 
“angiomatous meningioma ” Cushing and Bailey 1 
expressed the opinion that in most of their cases 
of venous angioma tiie lesion, which the> called 
a superficial serpentine lesion, was restucted to 
the cerebral meninges, however, they weie un- 
able to prove this since none of their cases was 
studied pathologicall) It was probably for this 
leason that angiomatous meningioma was not 
included in then classification 

Angiomatous meningioma maj occur in Sturge- 
Weber disease as a concomitant lesion , howevci, 
in this condition it is not aluavs piesent and 


1 vine 7 — Casa of Angiomatous Meningioma Studied 
tit the Depot Intents of ycitropsychiatry and 
Pathology of the bmvirsitv of Mtiitu sola 


Case 

Sex, 

Age 

Sv mptoin* nml 
rinding- 

Gro«s 

Appearance 

J ocatio l 

11 

1 

63 jr 

22 

M 

oa \t 

Delirium, coma, v omit 
Ing, rc-plrator) dlfll 
rultj 

Sjniptoms ol Increased 
Intracranial pressure 
leltlntornnl squint, right 
ptosis and Inclni pnkj , 
ataxia, pyramidal tract 
signs, djsplmgln, rc-plr 
atorj difficult} 

Thick ln}cr of 
subarachnoid 
hemorrhage 

I xtcnslve* sub 
arachnoid bleed 
Ing filial with a 
network of large 
tortuous \es 
stl- 

'-urfnu of 
cerebellum 

Surface of 
cm bellutn 
and right 
spJi of poni 

O 

w 

"1 jr 

Increased Intracranial 
pressure, suboccipltal 
headache, pnresthe-ins 
ot upper limbs, left cere 
hellnr findings signs of 
involvement of right 
pjramldal tract 

Enver of extra} 
asated blood 
containing largo 
angiomatous 
\cssels on brain 
surface 

Right cere 
bcHorucrm 
-pin re 

21 

M 

76 }r 

Patient found d( ad 

1 inn, well cir 
cum-cribed tumor 
attached to dura 

Left cere 
bra! hi mi 
sphcri 

23 

I 

New- 

born 

Respirator} difficult} 
and c}onosis,with death 
occurring 12 hours after 
parturition 

Tnnrlcd la}er of 
vessels covering 
extensive area of 
brain surface 

Medial «ur 
face of left 
cerebral 
hcmisplii ri 

26 

r 

2S da}S 

Generalised h} potonm, 
tremor of right upper 
limb, respirator} dlfll 
cult} , rapid downhill 
course 

Extensive sub 
arachnoid liemor 
rh ige 

Ceri belltir 
surface 


hence is not consideicd of fundamental signifi- 
cance 

There is no characteristic clinical pictme for 
angiomatous meningioma Convulsive seizures 
plus various other manifestations maj occui with 
ceiebial lesions Symptoms refeiable to the 
cerebellum, the brain stem and the cranial neives 
aie often observed with piedominantly ceiebellar 
lesions A complicating subarachnoid bleeding 
may account foi many of the clinical featuies 

Gioss Pathology — The angiomatous menin- 
gioma is observed on the surface of the brain as 
a plexus of laige coiled blood vessels Serial 
sections through the involved legions demon- 


87 Worster-Drought, C , and Ballance, C A Lancet 
2 125, 1922 
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stiate that the underlying parenchyma is not 
involved, thereby differentiating this vascular 
tumor from the deeper racemose angioma, which 
primal llv mvohes the biain tissue and extends 
outward to leach the meninges The angioma- 
tous vessels may show a loose auangement or 
appear as a dense vascular plexus completely 
hiding the undei lying coitex (case 25) Laige 
vascular channels often diain into the dural 
sinuses The meningeal angioma may be con- 
fined to one legion of the brain 01 may covei 
extensive areas of the ceiebiai surface It may 
be found o\er the surface of the ceiebium, the 
cerebellum or the brain stem In the cases 
tabulated here the cerebellum was the fa\ onte 
location (cases 21, 22, 23 and 26) 

A subarachnoid hemorrhage resulting fiom a 
rupture of one of the angiomatous vessels is a 
common complication (cases 21 22, 23 and 
26) This bleeding may be extensive and may 
so obscure the vascular tumor that the lattei may 
be readily overlooked on gross examination (case 
21) When such a subarachnoid extravasation 
occurs m the cerebellar legion, it generally pro- 
duces compression of the fourth ventricle and 
concomitant internal hydiocephalus 

A well circumscribed firm tumor of the menin- 
ges comprised of closely packed small blood 
vessels is an extremely rare form of angiomatous 
meningioma (case 24) Another rare variety is 
composed entirely of capillaries and is difficult to 
identify on gross examination (case 26) 

Micioscopic Anatomy — Histologic study con- 
firms the macroscopic observation that angioma- 
tous tumor is confined primarily to the lepto- 
memnges A few vessels may be scattered along 
the subpial region of the underlying cortex, but 
the subcortical parenchyma is not involved The 
structure of the vascular elements resembles that 
of arteries or veins , m other words, the micro- 
scopic anatomy is similar to that of venous or 
arteriovenous angioma except that the individual 
vessels are separated by loose connective tissue 
rather than cerebral parenchyma (cases 21, 22 
and 23) Vessels of typical arterial structure 
were prominent in the cases tabulated here In 
some instances the lesion is comprised of closely 
packed cavernous spaces (Globus 8 ) or capil- 
laries (case 26), thus simulating cavernoma or 
telangiectasis 

^ rare form of angiomatous meningioma con- 
sists of a firm, well circumscribed lesion grossly 
Microscopically it is comprised of a large number 
°f small blood vessels situated close to one an- 
other (case 24) The walls of these vessels are 
greatly thickened with various degrees of asso- 
ciated occlusion of the lumens In all the vessels 
Profound hyaline degeneration is observed, and 
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in a few extensive muial calcification In some 
places the vessels are separated by thin bands re- 
sembling memngothehomatous tissue, suggesting 
that such a lesion might have a mild transitional 
tendency toward the memngothehomatous 
meningioma 

S1URGC-WEBER DISEASE 

Inti oductton — Sturge-Webei disease consists 
of atrophy and calcification of the cortex of one 
cerebi al hemisphere, which is generally associated 
with dilated oi actually angiomatous vessels in 
the ovei lying meninges and an ipsilateral facial 
ne\ us Even though many of the cases recorded 
in the hteiature weie published as cases of cere- 
bral angioma, it is questionable wdiether Sturge- 
Webei disease should be included wuth the 
vascular tumors, since either the vasculanty of 
the meninges or the facial nevus may be absent 
The most consistent finding is the calcified, 
att opine coitex 

Sturge 83 published one of the first clinical re- 
ports m 1879 Latei, Weber 80 noted the charac- 
teristic roentgenograplnc findings, which he er- 
roneously ascribed to calcification of an mtia- 
cramal angioma Unfortunately, this miscon- 
ception persisted in many of the subsequent pub- 
cations and has occasioned much of the confusion 
m undei standing the vascular tumors and mal- 
formations Although the title “Sturge-Weber 
disease” has appeared frequently m the foreign 
hteratuie, it has been almost absent from Ameri- 
can publications, in which most of the cases are 
found recorded as cases of angioma This error 
probably can be largely attributed to the popu- 
larity of the monographic study published by 
Cushing and Bailey, in which classic cases w^ere 
regarded as cases of venous angioma It was not 
until 1934 that Krabbe 90 proved bevond doubt 
that the roentgenograplnc picture was a reflection 
of the cortical calcification lather than of angioma 
Krabbe suggested that the name of this condition 
be changed to “Kraft-Weber-Dnnitri disease” in 
recognition of Dimitri’s 91 beautiful descriptions 
of the roentgenograplnc picture Iiowevei, since 
the term “Sturge-Weber disease” has been so 
widely employed, it is questionable whether such 
an alteration is feasible 

There are now a large number of instances of 
Sturge-Weber disease recorded in the literature 
As early as 1913, Heboid 02 reported 5 cases 
In 1936 a review of the literature revealed le- 

88 Sturge, W Tr Clm Soc London 12 162, 1879 

89 Weber, F P Arch Neurol & Psychiat 3 134 
1922 

90 Krabbe, K H Arch Neurol & Psychiat 32 
737, 1934 

91 Dimitri, V Rev Asoc med argent 36 63, 1923 

92 Heboid, O Arch f Psychiat 51 445, 1913 
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ports of 68 examples of this disease (Greenwald 
and Koota 03 ) , however, the failure to recognize 
this condition, with the result that many cases 
were recoided under a variety of titles, makes it 
virtually impossible to discovei all the recorded 
cases 

The outstanding clinical signs and symptoms 
consist of convulsive seizures, an ipsilateral facial 
nevus, contralateral hemiparesis and hemianopsia, 
ipsilateral exophthalmos, glaucoma and parallel, 
wavy lines of cortical calcification observed on 
roentgenograms of the skull 

Gioss Pathology — Few cases have been stud- 
ied pathologically, and no material has been 
available to me for study In the lecoided cases 
the cerebrum showed atrophy involving only an 
isolated area or an entire hemisphere There w as 
a rather definite predilection for the occipital 
region , however, the case tabulated here w as an 
exception since air studies revealed atrophy which 
spared only the occipital lobe The ati opine areas 
appear shrunken, and the comolutions become 


Table 8 — A Case of Stui qc-tVcba Disease 


C ase, 
Se\, 

Symptoms and 

Roentgenologic 

Age 

Findings 

Features 

27 

Port wine nevus of 

Roentgenograms of shull and 

r 

right side of face, 

cnceplialographj mealed atrophj 

31 

left hemipamis 

of nlmost the entire right cere 


and hemihypcsthesm, 
optic atrophy, con 
■v ulsive seizures 

bral hemisphere, with iinu lines 
representing calcification of the 
cortical gray matter 


narrow, hypoplastic and firm m consistency Cut 
sections disclose marked diminution of the cere- 
bral tissues eventuating in secondary dilatation 
of the regional ventucle Theie is notable thin- 
ning of the cortical ribbon, in which macroscopic 
calcification is often visible Occasionally large 
irregular nodules of calcification are obseived 
(Krabbe 90 ) Associated cerebellar atiophy is a 
lare concomitant occurrence (Heboid 92 ) 

The surface of the atrophic cerebrum is often 
covered with a congeries of enlarged angiomatous 
vessels or an actual angiomatous meningioma 
In many cases, however, only a few dilated ves- 
sels are revealed, in a few- cases there are no 
signs of any abnormal vascularity (Krabbe 90 , 
Kreyenberg 40 , Gerhard and Hansmg 40 , Geylin 
and Penfield 94 ) Ipsilateral buphthalmos or 
exophthalmos is a common finding Also large 
dilated vessels may occui in the sclera (case 31) 

Mici oscopic Anatomy — The involved regions 
reveal a thin atrophic cortex in which there is 

93 Greenwald, H M , and Koota, J Am J Dis 
Child 51 868, 1936 

94 Geylin, H R , and Penfield, W Arch Neurol & 
Psychiat 21 1020, 1929 


relatively complete absence of neurons and axons 
In addition, theie is a prominent increase of 
fibious astrocytes forming a dense intei lacing 
meshvork of ghal fibers The small cortical 
blood vessels show' extreme thickening and hya- 
hmzation of their walls and resultant narrowing 
of their lumens Many of these vessels are com- 
pletely calcified, with small calcific deposits situ- 
ated m the mtervasculai tissue 

When an angioma is present, it is usually con- 
fined to the overlying leptomcninges It is un- 
usual for the angioma to imadc the underlying 
cortex, however such an occurrence was re- 
ported by Hassoi 40 The structure of the angi- 
omatous ressels geneialh resembles that of 
normal arteries or veins Calcification of these 
■vessels is not at all striking Small heterotopias 
of cerebral tissue have been encountered in the 
leptomemnges In Bergstrand, Ohvecrona and 
Tonms 3 

A vasculai involvement usually resembling 
cavernous angioma mav be found m the retina 
and the sclera of the diseased eve (Meller nj ), 
but otheis claim there mav be no pathologic 
change to explain the oculai manifestations 
(Weber 80 ) 

The genesis of the cortical atrophy remains a 
moot point While ccitain authors have con- 
sideied this condition secondary to circulatory 
distui bances occasioned by the overlying angioma, 
others have legarded it as congenital aplasia oi 
the coitcx The fiequent occurrence of other 
congenital anomalies tends to favor the latter 
point of view 

ANGIOLL VSTOVI V 

Intioduction — Angioblastoma is compiised of 
embiyonic vascular elements and constitutes one 
of the most common intracranial v asculai lesions 
The tumor often occurs as a nodule m the wall 
of a ceiebellat cyst Because of the close macro- 
scopic resemblance to cerebellar astrocytoma, 
these two lesions usually' were not distinguished 
m the eailier publications However, aftei the 
appeal ance of Lmdau’s 2 ongmal aiticle in 1926, 
angioblastoma has been widely lecogmzed, with 
the result that a relatively abundant hteiature 
is now available 

The terms used, especially in the earlier 
lecords of cases, aie most confusing For some 
time tumors of this type vvei e regarded as glioma 
(Roussy, Lhermitte and Coiml 90 , Cushing and 
Bailey 1 , Bassoe and Apfelbach 97 ) Other 

95 Meller, J Arch f Ophth 85 255, 1913 

96 Roussy, G , Lhermitte, J , and Cornil, L Ann 
d’anat path 1 333, 1924 

97 Bassoe, P , and Apfelbach, C W Arch Neurol 
& Psychiat 14 396, 1925 
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angioblastic lesions were refeued to as cystic 
sarcoma (Cushing and Bailey 1 ), saicomatous 
hemangioma (Coiten 08 ), hemangiomatous cyst 
(Sargent and Greenfield 09 ) and angioreticuloma 
(Roussy and Oberhng 100 , Beigstiand, Ohve- 
crona and Tonms s ) Not infiequently, even in 
recent articles, one encounters names of entirely 
different vascular lesions used for these neo- 
plasms as, for example, “telangiectasis,” “capil- 
lary hemangioma” or “angioma ” Out of lespect 
for Lindau’s 2 pioneering studies, the lesion occa- 
sionally is spoken of as Lindau’s lumoi Smulai 
angioblastic tumors in other parts of the body 
generally aie called hemangioendothelioma, a 
name which only occasionally is employed foi the 
cerebellar tumors 
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supeifluous since lymphatic neoplasms of the 
nervous system are unknown The teim “angio- 
reticuloma” is m keeping with the abundant 
reticulum of these tumois but is less widely 
known than the title “angioblastoma” 

The clinical picture differs little from that of 
other cei ebellar tumors Treatment consists of 
eaily surgical lemoval of the mural nodule Such 
a proceduie frequently results in complete re- 
covery of the patient with no recurience of the 
tumoi if it has been completely excised 

Gioss Appeal ance — Cei ebellar angioblastoma 
has been described fiom the standpoint of 
patholog) by a number of writers A few of 
these are Joseph 102 , Friedrich and Stiehler 103 , 
Bassoe and Apfelbach 07 , Lmdau 2 , Cushing and 


Table 9 — Cases of Angioblastoma Studied in the Departments of Nciuopsychxatiy and Pathology of the Univer- 
sity of Minnesota 


Ca=e, 

Sex 

Age.Yr 

Symptoms and Findings 

Gross Appearance 

Location 

28 

31 

40 

Suboccipital cephalalgia, cervical rigidity, symp 
toms of increased intracranial pressure, slight 
paresis of left upper extremity, symmetric 
hjdrocephalus on ventriculography 

Mural nodule in a large cyst 

Left cerebellar liemi 
sphere 

29 

31 

30 

Deafness of right ear, spells of unconsciousness, 
occipital and nuchal pain, papilledema, aniso 
cona, paresthesias of left side of body, right 
hemihypesthesin, scattered irregularities of 
reflexes 

Internal hydrocephalus, soft 
red tumor containing small 
cysts, veil circumscribed 

Upper part of 
medulla 

30 

F 

3S 

Evidence of Intracranial hypertension, occipital 
headache and tenderness, left exophthalmos, 
paresthesias of ulnar border of left hand 

Solid reddish tumor nodule 2 4 
cm in diameter, large cn 
gorged vessels in involved 
region internal hydrocephalus 

Region of right cere 
bellar tonsil 

31 

F 

12 

Occipital headache, conical rigidity, signs of 
increased intracramcal pressure, anisocoria, 
tonic fits, dysmetna in right upper limb, posi 
tive toe signs 

Tirm red nodule 2 cm in dinm 
eter in cyst wall 

Anterosuperior part 
of right cerebellar 
hemisphere 

32 

M. 

45 

Occipital ceplialalgir ’ used mtra 

cranial pressure, epigastric 

pain, ataxia vith right 

Reddish cvstic tumor mass 

Region of cistern a 
magnum and lover 
fourth v entricle 

33 

M 

28 

Fronto occipital headaches, advanced picture of 
increased intracranial pressure, ataxia, scat 
tered changes in reflexes 

Small reddish tumor nodule 
attached to cyst vail 

Right cerebellar 
hemisphere (left 
hemisphere com 

31 

r 

25 

Onset during pregnancy Suboccipital pain, 
symptoms of elevated intracranial pressure, 
deafness of right ear, liy pcrnctive reflexes, 
incoordination on right ataxia 

Graj ish red neoplastic nodule in 
vail of a cyst 

pressed) 

Left cerebellar hemi 
sphere 

35 

M 

23 

Eight sided occipital headaches, choked disks 
with other signs of increased pressure, shew 
deviation of eyes, slurred speech, marked right 
sided cerebellar manifestations 

Small cyst containing a mural 
tumor nodule 

Right cerebellar 
hemisphere 


Cushing and Bailey 1 coined the term “angio- 
blastoma ” They noted that morphologically this 
neoplasm closely resembled the various stages 
•hat the vasoformative cells pass thiough during 
the early development of the vascular system as 
demonstrated by Sabin 101 m hanging di op pi epa- 
rations of the chick embryo This observation 
gave the title “angioblastoma” a structural 
connotation, which most likely accounts for its 
universal acceptance The prefix of the name 
leniangioblastoma,” which is often used, seems 

Corten, M H Frankfurt Ztschr f Path 29 
®3, 1921 

i-j 9 o, Sargent > p . and Greenfield, J G Brit J Surg 
-t/ 84, 1929 

179^1930^ USS ^’ ^ ’ an d Oberhng, C Presse med 38 
101 Sabm, F R Anat Rec 13 199, 1917 


Bailey 1 , Greenfield 104 , Bergstraud and his co- 
workers 3 , Levine 6 Although angioblastoma 
may involve any legion of the central nervous 
system, it shows a piedilection for the hemi- 
spheres of the cerebellum (cases 28, 31, 33, 34 
and 35) Another relatively common situation 
is the posterior poition of the cerebellar vermis 
(Cushing and Bailey x , present report, case 33) 
Occasionally, it is encountered in the brain stem 
as in case 29 and in cases reported by Berb- 
linger, 105 Tannenberg, 100 Lmdau 2 and many 

102 Joseph, M Ztschr f khn Med 16 347, 1889 

103 Friedrich, H , and Stiehler, H Deutsche Ztschr 
f Nervenh 73 158, 1922 

104 Greenfield, J G Proc Roy Soc Med 24 382 
1931 

105 Berbhnger, W Arch f Ophth 110 395, 1922 

106 Tannenberg, J Ztschr f d ges Neurol u 
Psychiat 92 119, 1924 
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others In a few instances of angioblastoma of 
the brain stem or spinal cord, concomitant 
syringomyelia has been noted by Lmdau, 2 
Gaupp, 107 Pmnei, 108 Schuback 100 and others 
Angioblastoma of the cerebrum is a rare patho- 
logic curiosity, but a few acceptable cases have 
been reported (Rochat 110 , Bielschowsky 111 , 
Berger and Guleke 112 , Schle) 113 , Mariotti 114 ) 
In many of the cases of intracerebral angio- 
blastoma the lesion involves the regional 
meninges and hence may actually be meningioma 
(Barnard and Walshe 110 , Wolf and Cowen 110 , 
Keller 117 ) Although moie than one lesion is 
not common, multiple angioblastoma of the 
nervous system occasionally occurs, according to 
Koch, 118 Wersilow, 119 Schuback, 100 Moller, 120 
Guillain and co-workei s, 121 Davidson and co- 
workers, 122 Raney and Courville 4 and others 

The involved cerebellar hemispheic is often 
enlarged, compressing the bram stem and at 
times the opposite cerebellai hemisphere The 
cerebellar tonsil may be forced through the 
foramen magnum Aspiration of the involved 
fluctuating area generally velds a clear straw- 
colored fluid, which may quickly coagulate 
Midlme lesions are easily detected from the 
surface, since they spread the cerebellar tonsils 
Enlarged, dilated blood vessels may be observed 
over the involved ceiebellar surface The fourth 
ventncle is always compressed, a condition 
eventuating in marked internal hydrocephalus 
The flooi of the fourth ventncle, however, is 
only rarely invaded (Zeitlin 123 ) 

107 Gaupp, J Bcitr z path Anat u z allg Path 
2 510, 1888 

108 Pinner, A W Arb a <1 path Anat Inst zu 
Tubingen 9 118, 1914 

109 Schuback, A Ztschr f d ges Neurol u Psj- 
chiat 110 359, 1927 

110 Rochat, G F Nedcrl tijdschr \ gcneesk 
1 1124, 1927 

111 Bielschowsky, M Deutsche Ztschr f Nervenh 
22 54, 1902 

112 Berger, H, and Guleke Deutsche Ztschr f 
Chir 203-204 104, 1927 

113 Schley, W Centralbl f allg Path u path 
Anat 41 337, 1928 

114 Mariotti, D Pathologica 28 1, 1936 

115 Barnard, W G, and Walshe, F M R J Path 
& Bact 34 385, 1931 

116 Wolf, A, and Cowen, D Bull Neurol Inst 
New York 5 485, 1936 

117 Keller, H Virchows Arch f path Anat 289 
151, 1933 

118 Koch, F Ztschr f Kmderh 59 638, 1938 

119 Wersilow, W Neurol Centralbl 32 340, 1913 

120 Moller, H V Acta ophth 7 244, 1929 

121 Guillain, G , Schmite, P , and Butrand, I Rev 
neurol 1 420, 1932 

122 Davidson, C , Brock, S , and Dyke, C G Bull 
Neurol Inst New York 5 72, 1936 

123 Zeitlin, H J Neuropath & Exper Neurol 
1:14, 1942 


Cut sections of the cerebellum, as a general 
rule, reveal a large part of the hemisphere to be 
replaced by a large cyst containing clear yellow 
fluid The walls of the cyst are smooth, showing 
no tumor except at the site of attachment of the 
muial nodule, which comprises the entire neo- 
plasm The tumor is either sessile or peduncu- 
lated, measuring only about 1 5 to 2 5 cm in 
diameter It is grayish to dark red and firm in 
consistency 

A less common form of angioblastoma con- 
sists of a solid, fairly well circumscribed tumor 
which is not associated with a large cyst 
(case 33) It generally contains multiple small 
cy'sts, which may r be vsible grossly (cases 29 
and 32) In the lare instances m which angio- 
blastoma occurs in the brain stem it may be solid 
or cystic Cushing and Bailey’s 1 division of the 
angioblastic lesions into cystic, partially cystic 
and solid varieties has little value since there are 
all sorts of transitional variations in the cystic 
structure 

Mia oscopic Anatomy — Except for minor 
variations, the histologic structure of angio- 
blastoma is remarkably constant Small capil- 
laries and occasionally a few cavernous spaces 
are disseminated throughout the tumor These 
vessels are generally filled with blood The 
mtervasculai aieas are cellular and contain 
numerous tiny embryonic vascular spaces, which 
are usually empty (fig 3) These tmy spaces 
are lined by either endothelial or actual neo- 
plastic cells The cells of the mtervascular areas 
merge directly with those lining the vascular 
channels and appear to be grow mg from the outer 
surface of the capillary walls 

The typical neoplastic cell has an oval vesicular 
nucleus and often a nucleolus The cydoplasm 
generally contains a few vacuoles Sometimes 
the cytoplasm is extensive and filled with large 
vacuoles, giving the cell a foamy appearance 
Cells of this ty'pe are referred to as pseudo- 
xanthomatous or xantlnc cells because of their 
resemblance to the foam cells charactei istic of 
xanthoma (Lmdau 2 , Turner and Kernohan lS ) 
Polariscopic studies suggest that the lipoid con- 
tained m these vacuoles is closely related to a 
cholesterol estei (Zeitlin 1 * 8 ) It is most likely 
nutritional lather than degenei ative in origin 
since it show's no constant relationship to areas 
of degenei ation Large foam cells were promi- 
nent in 4 of the cases tabulated here (28, 29, 31 
and 32) In some areas of the tumor the nuclei 
may' become pyknotic or appear elongated and 
fusiform Multmucleated giant cells and large 
cells containing bizarre-shaped nuclei occasionally' 
are observed 
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Mitotic figuies are seldom seen A dense 
eticulum permeating the tumor is characteristic 
i these lesions and is best demonstrated by the 
Perdrau technic The reticulum fibers encircle 
:he capillaries and vascular spaces, sending 
tranches into the cellulai mtei vascular areas 
Dccasionally the reticulum is missing in the 
.uglily cellular areas In ceitain regions of the 
tumor capillaries may be extremely prominent, 
while m other aieas the structure is extremely 
cellulai with the vascular nature being indicated 
merely by the tmy embryonic spaces Lesions 
in which cavernous spaces are predominant may 
be confused w ith cat ernous angioma Howevei , 
the cavernous walls are more delicate than those 
of true cavernoma, and proliferating cells as well 
as embryonic vascular spaces are observed 
between the cavernous vessels Also, areas of 
typical angioblastic structure are usually found 
in some portions of the tumor, proving conclu- 
sively that the lesion is angioblastoma rather 
than cavernoma 

Occasionally’' the neoplastic structui e of certain 
regions of angioblastoma is distorted or even 
obliterated by a prohfeiation of fibrous connec- 
tive tissue or fibrillary neuroglia (cases 28, 29, 
33 and 34) The resultant morphologic altera- 
tions were termed sclerosing changes by Bailey 
and Ford 24 Areas of necrosis (case 35), cystic 
cavities, edematous regions, collections of blood 
Mgment or a marked proliferation of the endo- 
thelial lining of the larger capillaries (case 35) 
may sometimes be observed m angioblastoma 
The tumor is well circumscribed and often is 
circumvented by a zone of fibrous neuroglia 
(case 29) The wall of the cyst consists of 
ghal fibers and contains no tumor tissue except 
a * fhe s ite of attachment of the mural nodule 
The cystic fluid is considered to be the l esult of 
transudation and resembles plasma in its chemical 
composition (Martin) The fluid quickly re- 
orms after aspiration if the tumor nodule is not 

removed 

lindau’s (von hiepel’s) disease 

hi/? o due Hon — This condition consists of an 
an gioblastic tumor of the retina associated with 
s’ogle or multiple angioblastoma of the nervous 
system and various congenital lesions of other 
0r gans, such as cy r stic disease of the kidneys, the 
Pancreas and the liver Von Hippel’s disease 
c er s to an isolated angioblastic lesion of the 
> w ^ e t ^ ie entire complex is termed 
lncaus disease after the author who first 
j °P l! arized knowledge of the condition Lmdau 2 
^cimd that m 20 per cent of the recorded cases 
l0n Hippel's disease there was evidence of 


associated neural lesions Lmdau’s disease also 
has been called von Hippel-Lindau disease 
(Davidson, Brock and Dy'ke l22 ) and Lmdau- 
von Hippel disease (Craig, Wagenei and 
Kernohan 124 ) 

The retinal lesion was first described by 
Fuchs 12s and Wood, 120 but Collins 127 was the 
fust to recognize its true angioblastic structure 
Although von Hippel 128 did not report this con- 
dition of the retina until 1903 and erroneously 
regarded it as an arteriovenous aneurysm, the 
disease still bears his name Lmdau’s disease 
was first descnbed by Scluiback 10(1 but was not 
widely' lecognized until after Lmdau’s mono- 
giaph Cuslnng and Bailey 1 pointed out that 
Lmdau overstressed the frequency of this con- 
dition and demonstrated that angioblastoma 
occurs much more often as an isolated cerebellar 
tumor In the 8 cases of angioblastoma tabulated 
here there was no vascular tumor of the retina, 
however, in case 34 an associated cystic disease 
of the panel eas was found 

The clinical picture is most variable, being 
characterized by' ocular and nervous system 
manifestations Either a family history of the 
disease, which is obtained in about 20 per cent 
of the cases, or visualization of tire retinal lesion 
is necessary foi an antemortem diagnosis 

Pathologic Featwcs — A small tumor nodule 
which reveals angioblastic structure is found in 
the peripheial portion of the letma A large 
tortuous artery' and vein connect the neoplastic 
nodule with the optic disk An associated cyst 
similai to that of the cerebellar lesion may 
produce a detachment of the retina Secondary 
changes such as proliferation of connective tissue, 
organization of extravasated blood, adherence of 
the retina to the lens and calcification of the 
choroid may occur These changes may obscuie 
the vascular nature of the lesion and have been 
referred to as Coats’s retinitis (Coats 129 ) In 
contrast to the angioblastoma of the nervous 
system, the letmal neoplasm may undergo calci- 
fication and occasionally even ossification (David- 
son, Brock and Dyke 122 ) 

By definition, single or multiple angioblastoma 
of the neivous system is present The lesion of 
the nerve tissues possesses the same gross and 
microscopic featuies as the isolated lesion de- 
scribed m the previous section Angioblastoma 

124 Craig, W M , Wagener, H P , and Kernohan, 
J W Arch Neurol & Psyclnat 46 36, 1941 

125 Fuchs, E Arch f Augenh 11 440, 1882 

126 Wood, D J Tr Ophth Soc U Kingdom 12 : 
143, 1892 

127 Collms, E T Tr Ophth Soc U Kingdom 
14 141, 1894 

128 von Hippel, E Arch f Ophth 59 83, 1904 

129 Coats, G Arch f Ophth 81 275, 1912 
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of the cerebellum is the most common but in- 
volvement of the biain stem and the spinal cord 
is not infrequent Syringomyelia, hydromyeha 
or syringobulbia occasionally is found as a con- 
comitant lesion, accoiding to Davidson and lus 
associates, 122 Craig and lus associates 124 and 
others 

Cystic disease of the kidneys, the pancreas and 
the liver, as well as hypernephroma, is common 
The hypernephroma does not metastasize Othei 
visceral lesions, such as an adenoma of the 
epididymis, a cavernoma of the liver (Koch 130 ), 
an angioma of the kidney or a small cerebellar 
ependymoma, may occur (Ciaig and lus co- 
workers 124 , Kei nohan, W oltman and Adson 131 ) 

Although the cystic disease of the vanous 
organs has been regarded as very pathognomonic 
of this condition, such involvement of oigans 
may occur m the absence of angioblastoma of 
the letina and the nervous system Therefoie, 
the angioblastic lesions are essential for a diag- 
nosis of Lmdau’s syndrome 

ANGIOBLASTIC MENINGIOMA 

Inti oduction — Angioblastic meningioma is a 
lare form of meningeal tumor compnsed of capil- 
laries, embryonic vascular elements and an 
abundant stioma of reticulum The term “angio- 
blastic meningioma” was introduced by Bailey, 
Cushing and Eisenhardt 1,2 They used this term 
interchangeably with “supratentonal angio- 
blastoma” since their meningeal vascular tumois 
showed a predilection for the superior surface 
of the tentorium More lecently, however, the 
latter teim has been used foi the intraccrebial 
as well as the meningeal angioblastic lesions 
A few other titles occasionally have appeared m 
the literature such as “leptomemngioma piale” 
(Globus 8 ), “malignant meningioma” (Beig- 
strand and lus co-workers 3 ), “capillary angioma” 
(Keller 117 ), “perithelioma” (Borst 183 ), “hem- 
angioendothelioma” (Bruns 131 ), “angiosarcoma” 
(Ribbeit 17 ) and “endothelioma angiomatosum” 
(Henschen 135 ) 

130 Koch, K Vn chows Arch f path Anat 214 

180, 1913 

131 Kernohan, J W , Woltman, H W , and Adson, 
A W Arch Neurol & Psyclnat 25 679 1931 

132 Bailey, P , Cushing, H , and Eisenhardt, R 
Arch Path 6 953, 1928 

133 Borst, M Echte Geschwulste, in Aschoff, L 
Pathologische Anatomie, Jena, G Fischer, 1913, p 497 

134 Bruns, L Die Geschwulste des Nervensystems 
Hirngeschwulste, Ruckenmarks und Wirbelgeschwulste 
Geschwulste der peripheren Nerven, Berlin, S Karger, 
1908, p 19 

135 Henschen, F Ueber Geschwulste der hinteren 
Schadelgrube, insbesondere des Kleinhirn-brucken- 
winkels, Jena, Gustav Fischer, 1910, p 84 


Since this variety of meningioma is rather rare 
and has been adequately described only m recent 
years, the literatuie regarding this lesion is i da- 
tively meagei Carefully verified cases have been 
published by Wolf and Cowen, 110 Tannenberg, 108 
Bailey and Bucy, 138 Bade}, Cushing and Eisen- 
hardt, 132 Coiten, 1 ' 8 Zeitlin, 123 Globus, 8 Bergstrand 
and his co-workers, 3 Bailey and Ford, 21 Courville 
and Abbot 20 and Patterson and Anderson 13 ‘ 
The clinical picture differs little from that of 
an} other type of meningioma and depends 
laigely on the location of the lesion The clinical 
couise is often rapid but may be prolonged 
Although complete surgical icmoval is possible, 
postopciative recurrence is the rule 

Glow Appeal ancc — On gross examination 
alone, angioblastic meningioma cannot be differ- 
entiated from the more common varieties of 

Txbie 10 — Cases of Angioblastic Meningioma Studied 
tn the Departments of Ncio opsyclnatrv and 
Pathology of the Umvusity of 
Minnesota 


Case, 

Sec, 

Semptoms and 

Gross 


Vi . 

1 indlnps 

Vnatoniy 

Location 

30 

Increased Intrncrn 

I'inn lleshj mcnin 

Loft t> ill 

M 

■10 >r 

nlnl pressure, rifilit 
liomonjmous hum 
nnopsln, spastic 
paresis of right 
lower limb, rJrht 
hcmlhjpcslhisln 

geal tumor "> cm in 

diameter |TOss]j hi 

flitrating adjacent 
cerebral cortex 

poral lobe 

17 

Headache, right 

1 nlrh well circum 

Rolnndic 

1 

huniparesls and 

scribed meningeal 

region of 

50 }r 

hemlhjpcsthcsla 

tumor 5 cm in diam 
cter ndherent to uu 
derlj ink cerebral 
cortex 

li it tue 
brnl head 
spin re 

13 

Personality changes, 

Tirm, well circum 

Orbital sur 

I 

headache, confusion, 

scribed globoid 
tumor 7 bj S cm In 
diameter adherent 
to dura 

face of 

02 \r 

hyperacthe reflexes, 
bilateral posttho 
Babinski signs 

right fron 
tal lobe 


meningioma Generally the outei suiface is 
fiimly adherent to the dura but only in laie 
instances does the giowth imade the oterlying 
bone (Zcitlin 123 ) The tumor usualh assumes 
a globoid form but at times appears as a flat, 
plaquehke lesion Although grossly the tumor 
appeals to be well circumscnbed, invasion of the 
adjacent paienchyma often occurs (cases 36 
and 37) In most instances the tumor is firm 
or very fibrous in consistency The cut surface 
varies from reddish brown to yellowish white 
(cases 36 and 37) Although gioss examination 
may show sti iking vascularity, some of the more 
common forms of meningioma also possess 
copious vascularity 

Apparently any region of the brain may lie 
involved by this type of meningioma However, 

136 Bailey, P , and Bucy, P C Am J Cancer 
15 15, 1931 

137 Patterson, G H , and Anderson, F M Bull 
Los Angeles Neurol Soc 5 218, 1940 
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the cases described in the literature as well as 
those tabulated here indicate that there is definite 
predilection for the cerebial convexities The 
superior surface of the tentonum or the peri- 
torcular region ranks next m frequency of in- 
volvement The tumor also may be found in 
othei locations, such as the regions of the infei 101 
surface of the tentonum, the cerebellum, the 
olfactory groove (case 38), the ceiebellopontile 
angle and the midline between the cerebral hemi- 
spheres, where it is adherent to the falx 
The large globoid foim occasions a notable 
compression of the neighboring regions of the 
brain (case 38) Generally speaking, angio- 
blastic meningioma is more invasive than the 
more frequently occurring, slower growing 
meningeal tumors 

Mia oscopic Anatomy — The moiphologv of 
angioblastic meningioma is similar to that of 
cerebellar angioblastoma In occasional cases the 
microscopic structure may be identical (Bailey, 
Cushing and Eisenhardt 132 ) The meningeal 
tumor is composed of capillaries, cavernous 
spaces, proliferating endothelial cells oi angio- 
blasts and embryonic vessels lined by neoplastic 
cells The cytoplasm of the tumor cells may 
contain a few vacuoles, but the characteristic 
large pseudoxanthomatous cells are not piorni- 
nent Not infrequently, the angidblastic cells 
tend to become elongated and spindle shaped 
throughout extensive portions of the tumoi 
Evidence of rapid growth is usually present as 
demonstrated by numerous mitotic figures (cases 
36, 37 and 38). A few examples exhibited a 
striking variation m the size and the shape of 
the tumor cells as well as numerous giant forms 
containing large bizarre hyperchromatic nuclei 
Wolf and Cowen, 110 Courville and Abbott 20 and 
others regarded this cellulai variation to be 
indicative of high malignancy 

Other variations m the morphologic structuie 
may occur Scattered areas may closely resemble 
mesenchymal tissue (case 36) Also there may 
W a tendenc} to whorl formation, often with 
Production of psammoma bodies, suggesting that 
the lesion is true meningioma (Bergstrand and 
Ohvecrona 138 ) , however, these alterations might 
he attributed to independent inclusions of arach- 
noid (Wolf and Cowen 11G ) Transitional lesions 
containing extensive areas of memngothehoma- 
t°ns structure have been described by Cushing 
^nd Eisenhardt 25 and Courville and Abbott 2G 

hen considering these transitional neoplasms, 
_ ^ ,ever , o ne must be cautious since a slight 

Lg Bergstrand, H , and Ohvecrona, H Am J 
Uncer 24 522, 1930 


angioblastic tendency is not infrequent m the 
more common types of meningioma 

Many of the vanalions m the microscopic 
structui e of this tumor type may be the result of 
pi oliferation of the stromal elements Bailey 
and Ford 21 referred to this alteration as a 
“sclei osing change ” They felt that this sclei osmg 
piocess accounted for the structural differences 
between the meningeal and the cerebellar angio- 
blastoma 

Perdrau preparations demonstrate an abun- 
dance of reticulum throughout this tumor The 
leticulum outlines the vessels and sends a net- 
work of branching processes into the mter- 
vasculai regions In those areas comprised of 
elongated fusifoim cells the mtervascular 
blanches may be absent, with leticulum being 
obscned onl) around the vascular channels 
(case 37) 

ANG10S VRCOMA 

The teim “angiosarcoma” is occasionally used 
to describe vasculai tumors revealing histologic 
evidence of iapid growth (Ribbert 130 , Turner 
and ICernohan 13 ) In a laige number of cases 
pnmaiy sarcoma of the brain is highly vascular, 
with collections of tumor cells encircling the 
blood vessels Such a structure has suggested 
the titles “perivascular sarcoma,” “plexiform 
angiosarcoma” and “penthehal sarcoma” to 
Borst 133 and others This high degree of 
vascularity led Globus s to regard all the sar- 
comatous tumors as vascular lesions belonging 
to the group of neoplasms he entitled lepto- 
menmgioma piale However, in many cases 
primary sarcoma of the nervous system fails to 
show angioblastic activity with resultant em- 
bryonic vascular channels, therefoie, it should 
not be considered to be a vascular neoplasm 
The term “angiosarcoma” applies only to a 
rapidly growing mesodermal tumor of the ner- 
vous system presenting angioblastic structure 

In general, an angioblastic tumor showing 
sufficient characteristics to be considered as 
angiosarcoma occurs as a meningeal rather than 
as an intracerebral or a cerebellar lesion (cases 
36, 37 and 38) Hence, if such a term were 
accepted, it would include essentially the entire 
group of tumors classifiable as angioblastic 
meningioma However, a few tumors of the 
latter group which are free from any anatomic 
evidence of rapid growth would be excluded from 
the group described as vascular sarcoma Thus, 
even though the angiosaicoma group would con- 
sist entirely of tumors classifiable as angioblastic 
meningioma, not all of the tumors classed as 

139 Ribbert, H Geschwulstlehre fur Aerzte und 
Studierende, Bonn, Friedrich Cohen, 1904, p 591 
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meningeal angioblastoma would be included In 
addition, structures on the borderline of cancel 
would be difficult to classify If in the future 
angioblastic tumors of lapid giowth are found 
within the ceiebral parenchyma, they should be 
classified as angiosaicoma 

A N GIOGLIOM A 

Inti oduction — The term “angioglioma” was 
mtioduced by Roussy and Obeilmg 100 in 1930 
to designate a tumor comprised of adult vasculai 
and glial elements These authors expressed the 
opinion that this lesion was a neoplastic entit} 
representing a transition between angioma and 
glioma Only a few cases have been recorded in 
the literature, since this vaiiety of lumoi has not 
been generally accepted Of the more than 700 
cerebral tumors lnstologicall} verified m the de- 
partments of neuropsychiatry and pathology of the 
University of Minnesota, only 1 levealcd stiuc- 
ture suggestive of this type of lesion (table 11) 


Table 11 — 4 Cast of Aiigioolioina 


Case, 

Se\, 

Symptoms and 

Gross 


Vge 

Findings 

Appearance 

Location 

39 

Hend injury, convulshe 
seizures, headache, in 
tellectual failure, hal 
luclnntlons, Increased 
intracranial pressure 
and roentgenographlc 
evidence of calcification 
in right frontal region 

A dlffusclj Infll 

Kiglit Iron 

M 

jr 

tratlng firm and 
rubbery tumor 
containing dls 
f-emlnated foci 
of calcification 

tul lobe 


There are no diagnostic clinical featuies The 
pictuie is that of a slowly growing tumor of the 
brain, the resultant symptoms and findings being 
appropriate for the legion involved hy the lesion 

Gi oss Pathology — Angioglioma may occui as 
a nodular tumor attached to the wall of a cyst 
or as a poorly circumscribed solid type of lesion 
The cystic variety piesents an appeal ance 
lesembhng astrocytoma except that it more fre- 
quently contains grossly visible areas of calcifica- 
tion (Bergstrand and his co-woikers 3 ) The 
solid variety is observed as a diffusely infiltrative 
lesion similar m appearance to asti ocytoma The 
ceiebral structures involved by this noncystic 
tumor are firm and rubbery and exhibit small 
focal deposits of calcium (case 39) While any 
region may be involved by angioglioma, it most 
commonly is found m the cerebellum, wheie it 
occurs as a cystic tumor In the cerebral hemi- 
spheres it generally assumes the appearance of a 
diffusely invasive lesion Rare cases of multiple 
angioglioma have been reported (Wolff and 
Donat 140 ) 

140 Wolff, R , and Donat, R Ztschr f urol Chir 
43 272, 1937 f i 


Micioscopic Anatomy — Histologically, angio- 
glioma is composed of angiomatous and glial 
structures The glial elements as a mle are 
icpiesented by fibrous astiocytes which com- 
monl} have pioduced heav\ glial fibers (case 
39) At times there may occur an admixtuie 
of astiocytes and ohgodendrogha In a few 
instances the glial component assumes the struc- 
ture of spongioblastoma polare (Bergstrand and 
Ins associates '') In all cases small blood vessels 
lepiesenting the vascular component are abun- 
dantly disseminated tluoughout the neoplasm 
The \essel walls are often thickened and m- 
filtiated by calcific gidiiulcs The noncalcified 
vessels possess thick hvahnized walls containing 
neither smooth muscle nor elastic tissue These 
mural alterations oecasion various degrees ot 
luminal attenuation, including complete occlusion 

lliis tiansitional form of tumor has been 
accepted as a nosologic entity In only a few 
authors and has been rejected by man} Bailey 
and Ford 21 suggested that such a structure 
eventuated from the replacement of the original 
cellulai elements in angioblastoma b) prolifera- 
tion of its glial stioma Turner and Ivernohan, n 
how e\ cr, prcfei red to i egard it as angioma asso- 
ciated with a profound secondar} glial reaction 
It has also been suggested that this neoplasm 
merel} represents a highly vascular form of 
glioma However, if the vascular components 
aie pumait rathei than secondar}, angioglioma 
may well represent an entity The occurrence 
of the t}pical anatomic structuie of astrocUoma 
without any associated increase m \asculanty in 
mail} aieas throughout the tumoi in the case 
tabulated here (39) suggests that angioglioma 
may iepresent mciely a vanati on of astrocytoma 
rather than a distinct transitional foim of neo- 
plasm Although the validity ot the teim “angio- 
ghoma” is questionable, I feel that the tumor 
which it designates should be included in studies 
of the vascular tumoi s until mote material has 
been studied 

COM MENT 

In a suivey of the liteiature concerning the 
mtiaciamal vasculai tumors theie w r as encoun- 
teied a stnkmg diveisity of opinion regarding 
these lesions The conflicting nomenclatuie 
made an accuiate identification of the discussed 
lesion difficult However, from this mass of con- 
flicting opinions and titles, there has emerged a 
relatively clear concept of a few fundamental 
vascular processes, namely, those named angio- 
blastoma and telangiectasis Many authors have 
attempted to establish a simple classification of 
the vascular lesions by dividing them into angio- 
blastoma telangiectasis and angioma The last 
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was supposed to be compnsed of vessels of an 
adult type, but the details of its structural varia- 
tions were poorly undei stood since it was studied 
mainly from the clinical manifestations Descrip- 
tions of lesions with this designation were gen- 
erally limited to what might be noted in a 
superficial inspection at operation since patho- 
logic studies were rarely made In numerous 
cases, therefoie, it was impossible to determine 
whether a lesion such as a racemose angioma 
involved only the sui face of the brain or extended 
deeply into the ceiebral substance As a result 
of this paucity of anatomic studies, many differ- 
ent types of vascular lesions weie confused, foi 
example, Sturge-Weber disease was regarded in 
some cases as venous angioma In addition, a 
large variety of vascular lesions were omitted 
from supposedly complete discussions on this 
subject The large numbei of widely conflicting 
classifications of the vascular tumois evidence 
the confusion m the published liteiature 
A careful morphologic study of the structure 
of the lesions in the cases tabulated in the fore- 
going pages permitted their being arranged into 
\anous groups according to their structure The 
lesions in each of these groups possessed a 
definite type of structure t different from that 
of any of the other groups Thus, each vai iety 
constituted a pathologic entity In selecting the 
title for each type of lesion, a teim consistent 
uith the vascular structure as well as with the 
terms most widely used m the literature was 
favored 

Before attempting a classification of the 
vascular tumors, it might be well to list the 
\anous forms of these lesions and indicate bnefly 
the groups and the microscopic features which 
characterize them and which, in my opinion, 
make them separate and independent entities 
I Telangiectasis 

1 A collection of dilated capillaries 

2 The capillaries are separated by normal 
brain tissue 

fl Rendu-Osler disease 

1 Multiple telangiectasis of the skin, the mu- 
cous membranes and various internal organs 

2 Only occasionally it involves the nervous 
system 

hi Vanx or varicosity 

1 One or several relatively large dilated ves- 
sels of regular contour 

2 The vessels contain thin walls comprised of 
an endothelial lining and a layer of hyalin- 
ized connective tissue 

3 Cerebral tissue separates the varicose ves- 
sels 

4 The varix may be situated within the brain 
or the meninges 

5 It maj rupture to produce intracerebral 
hemorrhage 


IV Sinus pericrann 

1 A midline vascular tumor of the scalp or 
the forehead 

2 It communicates with the superior sagittal 
sinus 

3 Occasionally there may be an associated 
intracranial angiomatous lesion 

I' Cavernous angioma or cavernoma 

1 Closely packed cavernous spaces, situated 
adjacent to one another without intervening 
neural tissue 

2 The cavernous walls are thin, being com- 
posed of an endothelial lining and a layer of 
hj aline connective tissue 

\V Venous (racemose) angioma 

1 A congeries of entangled vessels often ex- 
tending from the brain surface into the 
underlying parenchyma 

2 The mural structure of most of the vessels 
resembles that of veins 

3 The vessels are separated by degenerated 
parenchyma 

VII Arteriovenous (racemose) angioma 

1 Similar to venous angioma except that ves- 
sels resembling arteries are prominent 

2 The walls of the arterial vessels are com- 
posed of a fairly well developed muscular 
media and an internal elastic membrane 

VIII Angiomatous meningioma 

1 A plexus of enlarged vessels restricted 
principally to the leptomemnges 

2 The vessels consist of arteries, veins, caver- 
nous spaces or capillaries 

IX Sturge-Weber disease 

1 Atrophy and calcification of the cortex of a 
part or of all of one cerebral hemisphere 

2 The involved cortex is often covered with 
an angiomatous meningioma 

3 There may be a homolateral poit wine nevus 
of the tace 

4 The atrophic cortex shows parenchymal 
devastation, glial repair and vascular cal- 
cification (no angioma) 

X Angioblastoma 

1 It occurs most commonly m the cerebellum 

2 It is often cystic (a nodule in a cyst wall) 

3 Structurally it consists of numerous capil- 
laries separated by proliferating cells, pro- 
ducing embryonic vascular spaces 

4 There is an interlacing network of reticulum 
throughout the tumor 

XI von Hippel-Lmdau disease 

1 Angioblastoma of both the retina and the 
nervous system (essential lesions) 

2 There are often associated visceral lesions, 
such as cystic disease of the kidney, the 
pancreas and the liver 

XII Angioblastic meningioma 

1 It grossly resembles the more common types 
of meningioma 

2 It is often invasive, manifesting rapid 
growth 

3 Morphologically it is similar to other forms 
of angioblastoma 
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XIII Angioghoma? 

1 A nodule in a cyst wall or a solid tumor 

2 It contains visible calcium deposits 

3 It is composed of glial and vascular elements 

4 There are numerous thick-walled vessels, 
which are often calcified and arc embedded 
in glial tissue (usually fibrous astroevtes) 

XIV Arterial (racemose) angioma? 

1 A tangled collection of coiled vessels 

2 All the vessels must display arterial struc- 
ture 

Since a complete classification based on the 
different types of anatomic structure of v asculai 
tumors oi malformations has never been pub- 
lished, a compiehensive pathologic classification 
is needed The simple listing of the various 
pathologic forms of vascular lesions piesented 
here is adequate if the same term is always 
applied to the same vascular picture legardless 
of the clinical features There are a number of 
ways to arrange the various types of vascular 
tumors in forming a classification They arc 
all moie or less acceptable if they are based on 
the different types of anatomic structure of the 
lesions The nosologic grouping which is the 
most consistent with both the gross and 
the micioscopic nature of these lesions no doubt 
would furnish the greatest contribution toward 
an understanding of the pathology of the vascular 
tumors The results of the present stud) sug- 
gest that the following classification is more 
closely correlated with the types of vascular 
structure (gross and microscopic) than the other 
possible arrangements 

PATHOLOGIC CLASSIFICATION* Or THE 

INTRACRANIAL VASCULAR TUMORS 
AND MALFORMATIONS 

I Angiomatous lesions (comprised of adult vas- 
cular elements) 

1 Parenchymal angioma 

(a) Telangiectasis (capillarv lesion) Rendu- 
Osler disease 

(b) Parenchymal varix or varicositv (sin- 
gle or multiple) 

( c ) Cavernous angioma or cavernoma 

( d ) Venous (racemose) angioma 

( c ) Arteriovenous (racemose) angioma 

(/) ?Arterial (racemose) angioma 

2 Meningeal angioma 

( a ) Angiomatous meningioma 

( b ) Meningeal varix or varicosity leptomen- 
ingeal varix, dural varix, sinus pencrann 
associated with intracranial angioma (?) 

(c) Sturge-Weber disease associated with 
angioma of the meninges 


II ^ngioblastic lesions^ (comprised of embryonic vas- 
cular elements) 

1 Parenchymal angioblastoma 

(a) Lmdau’s disease (von Hippel-Lindau dis- 
ease) 

2 ?Angioghoma 

III Miscellaneous vascular lesions 

1 Sinus pencrann tint is mainly extracranial 

2 ?Angioglioma 

3 Sturge-Weber disease without angiomatous 

lesions 

In this classification a majorit) of the vascular 
tumors are divided into two main gioups accord- 
ing to definite distinctions m their actual 
anatomic stiucture One includes lesions com- 
pi iscd of blood v essels of an adult type and the 
other includes tumors composed of embryonic 
vascular elements The third group is reserved 
for a few remaining conditions not definitely 
belonging in the foregoing sections Then the 
two main gioups aie again divided into lesions 
of the meninges and lesions of the brain paren- 
chyma Lesions implicating both the meninges 
and the cerebral tissue arc considered as paren- 
chymal lesions since the extent of the neural 
involvement grcatl) outweighs the meningeal in 
significance lliesc steps arc readily apparent 
except in a lew instances, which are indicated 
bv question marks Sinus pencrann is classified 
m two different vva)s since it appears to be 
mainlv extracranial m some cases and intra- 
cranial in otlieis Sturge-Weber disease when 
associated with angioma of the meninges is 
placed with the other angiomatous tumors ot 
the meninges while Sturge-Weber disease with- 
out such vascular involvement is regarded as a 
miscellaneous or related condition The tumors 
that hav e been called angiosarcoma are not given 
a separate heading since they all seem to be 
classifiable as angioblastic meningioma (see 
section entitled “Angiosaicoma,” page 54) 

This classification is submitted with the hope 
of stimulating a greater consideration of the 
pathologic structure m fuither investigations of 
the intracranial vascular lesions, thereby in- 
creasing understanding of the relationship 
between their clinical and their pathologic 
aspects Only if the basic pathologic chaiacter 
is kept m mind will a clearei conception of the 
cori elation between the clinical, the physiologic 
and the morphologic features of these lesions 
eventuate Moreover, there is little doubt that 
continued inquiries of this kind will increase the 
ability of physicians to predict the structure of a 
vascular lesion from its clinical picture 
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A Symposium on Mammary Tumors in Mice 
Publication of the American Association for the 
Advancement of Science no 22 By Members of 
the Staff of the National Cancer Institute, National 
Institute of Health, United States Public Health 
Service Edited by Forest Ray Moulton Pp 223, 
illustrated Washington, D C , 25 , American Asso- 
ciation for the Advancement of Science, 1945 

The Symposium consists of twelve papers contributed 
b\ ten members of the staff of the National Cancer 
Institute who have been engaged over several years m 
the study of tumors of the breast as these develop spon- 
taneously or are induced experimentally m mice belong- 
ing to various highly inbred strains The contributors, 
who write with the authority derived from a prolonged 
study of the various problems, have succeeded m their 
object, which, as stated by M B Shimkin m a “General 
and Historical Introduction,” is “an attempt to collect, 
to evaluate and to synthetize so far as possible informa- 
tion concerning a specific neoplasm in a specific species 
of mammal The major purpose of the symposium is 
to acquaint the workers in cancer research and those 
more casually interested in the field with the advances 
made m this problem 

The first group, consisting of four papers, is concerned 
with the morphology of the murine mamma and of its 
epithelial neoplasms A short paper entitled “The 
Cytology^ of Mammary Tumors” by A J Dalton 
describes mainly the Golgi apparatus A second paper 
bv the same author entitled “Histogenesis of the Mam- 
mary Gland of the Mouse” describes the reaction of the 
gland to various conditions, such as diet, hormones, 
pregnancy and lactation, as determined by studying the 
gland in whole mounts A third short paper, on the 
vascular supply of the carcinoma of the mammary gland, 
by G H Algire and H W Chalkley is essentially an 
account of a technic for studying the vascular supply 
ot this neoplasm when it develops either spontaneously' 
or after transplantation These three papers do not 
quite conform to the plan of the book since, interesting 
though they are, they' are essentially accounts of original 
studies in limited fields The fourth paper, however, 
entitled “Morphology and Histogenesis of Mammary 
Tumors,” by T B Dunn gives a comprehensive account 
ol the subject Of particular interest is the comparison 
° c the morphologic characters of spontaneous mammary 
tumors developing in inbred strains with the descriptions 
by the earlier workers who examined the spontaneous 
neoplasms arising m the mammae of mice of mixed 
Parentage The four papers are illustrated by excellent 
photomicrographs 

The next group, consisting of three papers, relates to 
the causes of mammary cancer m inbred mice W E 
Heston’s contribution on the genetics of mammary 
tumors records in detail the history and the character 
of the various inbred strains that have been developed, 
and discusses some of the results obtained from a study 
°f these strains This systematic treatise in which a 
"orker intimately familiar with the subject has brought 
together all the relevant data scattered through the 
bterature will be welcomed by all w'ho are engaged in 
tbe experimental study of cancer It is accompanied 


by a bibliography comprising nearly two hundred refer- 
ences The statement on page 56 that “different types 
of tumors are inherited as separate characters” reads 
like a lapse of the pen Are tumors inherited ? Does it 
not mean that the various organs inherit a suscepti- 
bility to the development of neoplasms as separate 
factors’ It might have been added here that the recog- 
nition of the limitation of an inherited susceptibility to 
one particular organ enabled Waaler, in Norway, and 
Wassmk, in Holland, to reveal the existence in man of 
inherited factors m the causation of cancer of the breast 

The complex and fascinating story of the discovery 
of the so-called milk factor is fully and clearly told in 
a review of H B Andervont Although the existence 
of this factor was recognized only ten years ago, no 
less than one hundred papers are quoted in the bibli- 
ography The term “milk factor” seems now to have 
been replaced by the term “milk influence,” and so 
one comes on a section with the curious title “Physical 
and Chemical Properties of the Milk Influence ” From 
the evidence available at present Andervont argues that 
the milk influence suggests the action of an agent “be- 
longing or related to the \ iruses ” While indicating 
the similarities between the milk influence and the 
viruses, he recognizes the long latent period of the milk 
influence as a dissimilarity 

The discovery' of the milk influence as a decisive 
factor in the causation of mammary cancer has greatly 
diminished the significance of the part formerly attrib- 
uted to the estrogenic hormone It appears now 1 that 
this hormone is concerned mainly with building up 
mammary gland tissue on which the milk influence can 
act But there is the apparent paradox that the de- 
velopment of cancers in other organs, e g, the uterine 
cervix, in response to this hormone is not dependent on 
the milk influence Even in the mamma itself cancer 
can be induced in the absence of the milk influence by 
the local application of chemical carcinogens such as 
methylcholanthrene This complex subject is clearly 
set out in a paper by M B Shimkin entitled “Hormones 
and Mammary Cancer m Mice” But the significance 
ot the fact that there are tw'o different etiologic types 
ot mammary cancer m mice should have received more 
emphasis than is given to it m this account or m the 
final paper by Shimkin There arises now the question 
to which etiologic type the mammary cancer belongs 
that develops in mice of mixed parentage This could 
be determined by testing for the presence or the absence 
ot the milk influence in such mice The mice of mixed 
parentage reproduce more closely the conditions respon- 
sible for the development of cancer of the breast m 
women than highly mbred mice The fact that m 
inbred strains multiple mammary cancers are much 
more frequent than in mice of mixed parentage is an 
indication that such etiologic differences exist 

The degree to which the development of mammary 
tumors and their subsequent growth can be influenced 
by such environmental factors as diet, aging and climatic 
conditions is discussed by H P Morris Some ex- 
travagant statements have been made m the literature 
concerning the influence of diet, but the author has 
succeeded m separating the gram from the chaff In 
addition to a detailed account of the effect of diet on 
the development and on the growth of cancer this sec- 


417 



418 


ARCHIVES OF PATHOLOGY 


tion piovides a variety of interesting and valuable data 
which hitherto were scattered througli the literature 
An example is the frequency with which synchronous 
multiple mammary carcinoma is found in mice of mixed 
parentage and in mice belonging to inbred strains 
Thus, m the early work of Haaland in mice of mixed 
parentage 17 per cent of the cancerous mice had mul- 
tiple carcinoma, while in the more recent observations 
on two different inbred strains multiple carcinoma 
was found in 66 and 61 5 per cent of all cancerous mice 
The relation between age and the incidence of mam- 
mary cancer in mbred strains receives detailed treatment 
in which a clear distinction is made between the crude 
data (the number of deaths from cancer at different 
ages) and the death rates calculated from these data 
The irregularities appearing in the older age groups 
are due to the small number of animals alne in those 
groups and also to the shoitness of the age periods, 
single months, into which the normal span ot life of 
the mouse has been divided in this paper In cancer 
statistics applying to man age periods of ten jears are 
used as a rule These correspond to periods of three 
months in the shorter life span of the mouse If the 
mortality rates per thousand were recalculated for three 
monthly periods the results obtained would resemble 
even more closely the conditions existing in man, 
namely, an increase which is progressnely rapid 
In the chapter on the chemistry of mammarj tumors, 
T P Greenstein has succeeded m condensing a \ast 
amount of information into six pages of text, an achtevc- 
ment that will be welcomed by nonchemists In addition 
to the chemistry of the tumors, information is given on 
the chemistry of the tissues of tumor-bearing animals 
and on different strains of mice The surprising fact 
emerges that the degree of activity of one ferment, the 
serum esterase, which shows considerable differences 
between various strains, can be altered by foster nurs- 
ing, so that the fostered mice have an activity resembling 
that of the strains to w'hich the foster mother belongs 
Greenstein summarizes the results ot these investiga- 
tions in the generalization that the end results of all 
forms of neoplastic growth are tissues which are chemi- 
cally similar Enzymatically tumors resemble one 
another more than they resemble normal tissues and 
more than normal tissues resemble one another 

The experimental work on the therapj of cancer, so 
far as it has been studied on mammary cancer ot mice, 
is critically reviewed by Iff M Ryer It is surprising 
to find that no less than 800 substances of various kinds 
have been tested for their therapeutic effect Most of 
these have yielded completely negative results, but in 
spite of this melancholy fact the paper, which must 
have entailed a laborious search through the literature, 
makes interesting reading The data are summarized in 
a tabular form most useful for purposes of reference 
The Symposium ends with a paper by M B Shinikm 
entitled “Conclusions — Including Discussion of the Pos- 
sible Implications for Man ” It sums up clearly and 
succinctly the results that have been obtained from a 
study of cancer of the breast in mbred strains of mice 
But when the writer passes on to a discussion of their 
implications he goes sadly astray He states (page 220) 
“It is plain that the designations of ‘benign,’ ‘piecancer- 
ous’ or ‘malignant’ are clinical terms necessary for 
pragmatic purposes of selecting a therapeutic procedure 
and establishing prognosis but not applicable to ex- 
perimental work ” 

I cannot find either m the Symposium or m the ex- 
perimental w'ork on cancer as this is known to me 
anything that would justify this extravagant, one might 


almost call it reckless, statement If it refers to the 
inability to demonstate a clearcut morphologic difference 
between cancerous cells and noncancerous cells or be- 
tween precancerous and nonprecancerous conditions, it 
refers to difficulties long recognized by pathologists 
B Bloch, who was both a clinician and a pioneer in 
the experimental stud} of carcinogenesis and whose 
work helped to establish the conception of precancer, 
emphasized the fact that there may be no morphologic 
distinction between a precancerous fyperplasia and a 
nonprecancerous h}perplasia Cancer cells betray their 
piesence by their biologic activity, namely, their power 
of autonomous invasive grow th What the experimental 
work m cancer has accomplished is the demonstration 
that this power is possessed onl> b> cancer cells and 
not b> cells present in hjperplastic or precancerous 
tissues I find it difficult to believe that Dr Shimhin 
wants pathologists to discard the conception of auton- 
omous invasive growth as representing the essential 
nature of cancer Nor should pathologists ignore the 
vast amount of work on human cancer that has made 
it possible to establish correlations between the mor- 
phologic appearances and the biologic behavior of a 
tumor Whatever the meaning of the sentence quoted 
nnv be, it is unfortunatclj phrased 

On page 214, attention is dawn to the fallac> of 
assuming tint statistical correlation implies causal or 
other direct connection The fallac> is cleverl} illus- 
trated by the wearing of skirts, which “would undoubt- 
ed!} correlate strong!} with the occurrence of mammaty 
cancel, >et has no possible direct significance in the 
etiology of such tumors ’’ On the ver} next page, how- 
ever, reference is made to the statistical correlation be- 
tween the increase in age and the increase of incidence 
of mammary cancer, and it is argued, “Age in itselt 
therefore is a predisposing factor in mammar} cancer 
in nnn” This view was gcncralty held until the dis- 
covery of experimental carcinogenesis made it possible 
to test its validity When }oung and old mice were 
subjected to the experimental test, the alleged greater 
susceptibility failed to manifest itself The susceptibility 
v»as eitliei the same for both or higher in the jouiig 
animals 

As a general proposition the explanation of the higher 
incidence of cancer with increasing age must therefore 
be abandoned How, then can this feature of cancer 
be explained ? One factor which contributes to this 
phenomenon is the long period of induction of cancer, 
which becomes mcreasmgl} prolonged as the strength 
of the carcinogenic stimulus is diminished This point 
is of more than academic interest One cannot escape 
from old age, but it is possible to prolong the period 
of induction That makes it possible to push the onset 
of cancer more and more into the older age groups 
Such a result, which maj be described as a halfway 
house to the prevention of cancer, would constitute a 
great advance in the control of the disease But its 
possibility is not likely to be lecogmzed so long as old 
age is m itself considered to be an etiologic factor 

Since m the experimental investigation of cancer tlie 
mamma of the mouse has been used exclusivel} as a 
test object, this book with its collection and ordered 
piesentation of so many lelevant data is likely to exert 
considerable influence on oncologic thought It is a ■ 
“must” for every cancer worker and a “should” tor 
eveiy pathologist and clinician who wants to keep 
abreast of the rapid advances in knowledge of the 
biology of cancer This detailed, if in parts critical, 
review is a sincere tribute to its importance 
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Bones See also under mines of bones 

combined effects of estrogen and anterior 
hypophysial extract on skeleton of growing 
mouse, 381 

marrow, acute agranulocytosis, microscopic study 
of ulceronecrotlc gingiva and of bone marrow in 
case 3G9 

inanow , ossified cartilage with myeloid fat m irrow 
in aortic ring of rabbit, 89 

Book Reviews 

Atlas of Blood in Children , K D Blackfan and 
L K Diamond CG 

Avitaminoses Chemical Clinical and Pathological 
Aspects of Vitamin Deficiency Diseases , AA II 
Eddy and G Dalldorf 219 
Biological Basis of Individuality I Loch, 217 
Bronchial Asthma, L Unger, 350 
Lead Poisoning A Cantarow and At frmnper 
220 

rathology of Internal Diseases AA Boyd 219 
Spina Bifida and Cranium Bifidtim Papers Be- 
printed from New England Journal of Medicine 
with Addition of Comprehensive Bibliography, 
from Department of Surgery of Children s llos 
pital, Boston and Harvard Medical School 
F D Ingraham, 220 

Symposium on Mammnrv Tumors In Mice edited 
by F R Moulton, 417 
Textbook of Pathology , It A Moore 218 
Trauma in Internal Diseases with Consideration of 
Experimental Pathology and Medicolegal Aspects, 
It A Stern, 350 

Books received 220, 280 302 

Brain See also Cerebellum Xlcnlnges Nervous 
System etc 

attempts to produce cerebral atherosclerosis 1G 
ccrebial varix, 399 

diffuse meningeal fibroblastoma of brain and spinal 
cord, report of 3 cases, 287 
paraphysial cyst of third ventricle 184 
Brandes W W Prcsacral cyst apparently arising 
from neurcnteric canal in newborn Infant 295 
Breast mammary neoplasms In dogs 199 
Bright’s Disease See Nephritis 
Bronchi cysts 153 

two casts of congenital web of bronchus 47 

Cahill, W M Morphologic studies of rats deprived 
of essential amino acids, phenylalanine 294 
Cancer See Adenocarcinoma, Sarcoma Tumors 
etc and under names of organs and regions, 
as Esophagus, Liver, Thyroid etc 
Canines Sec Dogs 

Carbohydrates See also Glycogen, etc 
colloidal plasmatic disturbances cnibohvdratic 
type 117 

Carbon Disulfide and hydrogen sulfide poisoning 
130 

Cardiovascular System Sec Arteries Heart etc 
Cares R Mediastinal teratoma, 113 
Cartilage, ossified, with myeloid fat marrow In aortle 
ring of rabbit, 89 

Cattle poikllocytosis In dairy cattle 351 
Cavclti E S Studies on pathogenesis of glomerulo- 
nephritis , production of autoantlbodles to kidnev 
in experimental animals 148 
Cavelti P A Studies on pathogenesis of glomerulo- 
nephritis , production of autoantibodies to kidney 
in experimental animals, 148 
Cells adenomyoeplthelloma (cylindroma) of palatal 
mucous glands 9G 

proliferation of muscle cells in myometrium of non- 
pregnant uterus, 323 

Cellulose, methyl cellulose atheromatosis, 120 
Cerebellum angioblastoma, 408 
Cervix See Uterus 

Chemotherapy See under names of diseases and 
chemotherapeutic agents 

China and Chinese role of schistosomiasis in etiology 
of cancer of liver in Chinese, 1 
Cholesterol and biliary obstruction, 127 

attempts to produce cerebral atherosclerosis 1C 
carbon disulfide and hydrogen sulfide poisoning, 
130 

chronic renal disease and hypercholesteremia, 130 
colloidal plasmatic disturbances , lipoidal type, 122 
correlation between chemical and morphologic 
alterations in experimental atherosclerosis 11 


Cholesterol — Continued 
cxccsslvo Intake of 187 
hypercholesteremia and diabetes imllllus 128 
hypercholesteremia and tuberous xanthomatosis 
127 

hypothyroidism, 128 

physical labor and hypercholesteremia, HI 
saponin poisoning and hypercholesteremia 131 
Christian-AAebcr Disease bee Panniculitis 
Chromosomes genetic analysis of induction of tumors 
by methylcholnnthrene 2 mutations arising in 
mice following injection of methylcholnnthrene 
232 

Coccidioidomycosis, experimental Haplosporanglum In- 
fection 3 

Colon feet Gastrointestinal Pnct, Intestines 
Corpora Amy laces See Amvloldosis 
Craniopharyngioma of hypophysis 14(. 

Cranium, intracranial vascular iitmors and malforma- 
tions, 393 

sinus perlcrnnll 401 

Cvlindroma, adenomyoeplthelloma (evllndromn) of 
palatal mucous glands 9g 

Cysts Sec under names of organs and regions ns 
Brain, Bronchi, Fsophagus, Intestines Medias- 
tinum, Stomncli , etc 
Dermoid ^ce under Tumors 
Cytology Sec Cells 

Davis It M Morphologic studies of rats eletirlved 
of essential amino nciels , phenylalanine 291 
Death effects of abortlfnclcnt paste ( ‘titra-jel ’) 
report of death from Its use and of experimental 
study of its effects on rabbits and rats 9] 
Degeneration, Amyloid See Amyloidosis 
Dc Nosnquo N I ffects of abortifneient paste 
("utra-jel’ ) , report of death from its use and 
of experimental study of its effects on rabbits 
and rats 91 

Diabetes Mcllitus nnel hypcrcholcstcrtmln, 128 
Dick, G T Ixperlmental hypertension Its produc- 
tion in dogs by Intravenous Injection of strepto- 
cocci, 81 

Dogs nortlc abnormalities in dogs used for experi- 
mental purposes 375 

some ondocrlnologlc considerations of canine neo- 
plastic diseases 1G2 
Ductless Glands See Indocrine Glands 
Duncan C \\ Poikllocytosis in dairy cattle 351 
Dunn, B C Lew hemoglobin stain for histologic 
use slightly modified A an Gicson stain 49 

Eckhardt, B L Alyelomalncla of cervical portion 
of spinal cord, probnblv result of roentgen ther- 
apy 109 

Edema Sec under names of organs nnd regions 
I lcctrlcity pancreatic necrosis In electric shock 9 
Emmons C AA Experimental Haplosporanglum In- 
fection 3 

Phialophora jcansclmel comb n from mveetoma 
of hand 394 
Fndocardium Sec Heart 

Endocrine Glands neoplasms of other endocrine 
glands 107 

some ondocrlnologlc considerations of canine neo- 
plastic diseases 1G2 

Endometrium, changes in uterus after eradication of 
endometrial adenocarcinoma by radiotherapy with 
reference to infarct-like radlonccrotlc plaque in 
lining 237 

Enteritis See under Intestines 
Epidermis See Skin 

Epididymis adrenal cortical adenoma of 33G 
Erythrocytes See Anemia, Blood Hemoglobin nnd 
Hemoglobin Compounds etc 
Esophagus, carcinoma in British AA'est Indian and 
Panamanian Negroes, study of incidence etio- 
logic factors and pathologic anatomy in 50 cases, 
79 

cysts 158 

Fstradlol Benzoate See Estrogens 
Estrogens combined effects of estrogen nnd anterior 
hypophysial extract on skeleton of growing 
mouse, 381 

Evolution theory of transposition of arterial trunks 
based on plivlogenetic and ontogenetic develop- 
ment of heart, 172 
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Fat See also Lipoids 

ossified cartilage with myeloid fat marrow in aortic 
ring of rabbit, 89 
Felix-Well Reaction See Typhus 
Fellowships, 350 

Fernan-Nunez, Marcos resignation from Marquette 
University, 280 
Fever See also Typhus, etc 
chemical basis of fever with inflammation, 28 
Therapy See under names of diseases 
Fibroblastoma diffuse meningeal flbroblastoma of 
brain and spinal cord, report of 3 cases, 287 
Filum Terminale See Spinal Cord 
Fistula, arteriovenous, local hydrostatic hypertension 
In 55 

Fite, G L Classification of tumors of kidney 37 

Fox, R A Adenomjoepithelioma (cylindroma) of 

palatal mucous glands, 90 

Freeman A Adrenal cortical adenoma of epi- 
didymis 336 

Friedman, N B Fatal panniculitis, 42 
Fungi, experimental Haplosporanglum infection, 3 
experimental reproduction of maduromycotlc lesions 
in rabbits, 358 

Phialophora jeanselmel comb n from mtcetoma 
of hand, 304 


Ganglion See also Nervous System, Neurons 
nodosum , histologic diagnosis of rabies, 279 
Gastrointestinal Tract See also Intestines , Stom- 
ach , etc 

gastroenteric cysts, 158 
Genetics See Chromosomes 
Genitals See also under names of genitals 
neoplasms of female genital tract 107 
neoplasms of male genital tract, 105 
Gingivitis See Gums 

Glazer A M Pancreatic necrosis in electric shock 
9 

Glioma morphologic alterations of neuron due to 
tumor invasion, 221 
Glomerulonephritis See Nephritis 
Glycogen, congenital glycogenic tumors of heart 67 
glycogenic vascular reactions 121 
Golden A Morbid anatomy of typhus as seen in 
recent Guatemalan epidemic , observations on 
disease, 22G 

Gotwals J E Ischiopagus tripus, report of 2 
cases 142 
Grants, 131 

Granulocytopenia See Agranulocytosis 
Granuloma Coccidioidal See Coccidioidomycosis 
experimental Haplosporanglum infection, 3 
Gums acute agranulocytosis , microscopic study of 
ulceronecrotlc gingiva and of bone marrow in 
case, 3G9 

Gurley, H Experimental nephropathies , renal phos- 
phatase after poisoning with mercury bichloride, 
uranyl nitrate and potassium dicliromate, 133 

Hand, Phialophora jeanselmei comb n from 
mycetoma of, 364 
Haplosporanglum See Fungi 

Hartz, P H Proliferation of muscle cells in 
myometrium of nonpregnant uterus, 323 
Role of schistosomiasis in etiology of cancer of 
liver in Chinese, 1 

Hay Fever See Anaphylaxis and Allergy 
Haythorn, S R Diffuse meningeal fibroblastoma of 
brain and spinal cord , report of 3 cases, 287 
Heart See also Pericarditis , Pericardium 
congenital glycogenic tumors of, 07 
coronary arteriosclerosis and myocardial infarction 
as studied by injection technic 2G8 
primary systemic amyloidosis, 315 
primary tumor of, 74 

theory of transposition of arterial trunks based on 
Phylogenetic and ontogenetic development of, 
172 

Hemoglobin and Hemoglobin Compounds See also 
Anemia Blood 

new hemoglobin stain for histologic use, slightly 
modified Van Gieson stain, 49 
Hepatic Duct See Bile Ducts 
Hepatitis See Liver 

Hepler, 0 E Experimental nephropathies, method 
of producing controlled selective injury of renal 
units by means of chemical agents 103 


Hepler, O E — Continued 

Experimental nephropathies, renal phosphatase 
after poisoning with mercury bichloride, uranyl 
nitrate and potassium dicliromate, 133 
Herbut P A Bronchial asthma and tuberculosis 
338 

Melanoma of small intestine 22 
Periarteritis nodosa producing aneurysm of renal 
artery and hypertension, 274 
Heredity, genetic analysis of induction of tumors 
by methylcholanthrene , 2 mutations arising In 
mice following injection of methylcholanthrene, 
232 

Horzog E Histologic diagnosis of rabies, 279 
von HIppel s Disease See Angioma, Retina 
Hlrscli E F Chronic exudative and indurative 

pneumonia due to Inhalation of shellac, 281 
Holyoke J B Coronary arteriosclerosis and myo- 
cardial infarction as studied by injection technic 
268 

Hormones See Endocrine Glands , Estrogens , Pitu- 
itary Preparations etc 

Hueper, 1\ C Aortic abnormalities in dogs used 

for experimental purposes, 375 
Arteriosclerosis, 51, 117 187 

Ossified cartilage with myeloid fat maiiow in aortic 
ring of rabbit, 89 

Huffman C F Poikilocytosis in dairy cattle, 351 
Hyalinosis , noninflammatory vascular reactions, 206 
Hydrogen Sulfide carbon disulfide and hydrogen 
sulfide poisoning 130 
Hydrophobia See Rabies 
Hypercholesteremia See under Cholesterol 
Hyperergy See Anaphylaxis and Allergy 
Hyperpyrexia See Fever 
Hypertension See Blood pressure, high 
Hyperthermia See rover 
Hypertonia See Blood pressure high 
Hypophysis See Pituitary Body 
Hypothyroidism See under Thyroid 

Ileum See under Intestines 

Immunity See Anaphylaxis and Allergy Antigens 
and Antibodies , etc 

Indexes, importance of titles that accurately reflect 
subjects of articles, 132 

Industrial Diseases chronic exudative and indurative 
pneumonia due to inhalation of shellac, 281 
Infants, Newborn See Newborn Infants 
Infarction See Heart 

Infection See under names of bacteria as Strepto- 
cocci etc 

Inflammation chemical basis of fever with Inflamma- 
tion 28 

Injections, coronary arteriosclerosis and myocardial 
infarction as studied by injection technic 208 
Internal Secretions See Endocrine Glands 
Intestines See also Gastrointestinal Tract 
enteric cysts 159 
melanoma of small intestine, 22 
Intranuclear Inclusions See under Cells 
Irradiation See under names of diseases and organs 
Ischiopagus Tripus See Monsters 
Islands of Langerhans See Pancreas 

Jejunum See Intestines 

Kidneys, Diseases See also Nephritis 
diseases, chronic renal disease and liypeicholes- 
teremia, 130 

experimental hypertension, its production in dogs 
by intravenous injection of streptococci, 81 
experimental nephropathies , method of producing 
controlled selective injury of renal units by 
means of chemical agents, 103 
experimental nephropathies, renal phosphatase 
after poisoning with mercury bichloiide, uranyl 
nitrate and potassium dicliromate 133 
periarteritis nodosa producing aneuiysm of renal 
aitery and hypertension 274 
studies on pathogenesis of glomerulonephritis pro- 
duction of autoantibodies to kidney m experi- 
mental animals 148 
tumors classification of, 37 
Ivnorp, W F Primary systemic amyloidosis 315 
Koessler Jessie Horton Fellowship 350 
Kraus J E Neoplastic diseases of human hypophy- 
sis, 343 

Kussmaul-Maier Disease See Periarteritis nodosa 
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Laipply, T C Cvsts and cystic tumors of medias- 
tinum 153 

Langerhans Islands Sec Pancreas 
Lev M Theory of transposition of arterial trunks 
based on phylogenetic and ontogenetic develop- 
ment of heart, 172 

Llndau’s Disease See Angioma , Retina 
Llndsav S Primary systemic amyloidosis, 315 
Lipids See Fat, Lipoids 
Lipoids See also Cholesterol 1 at , ete 
colloidal plasmatic disturbances, llpoida! tvpe, 
122 

Literature, importance of titles that accurately reflect 
subjects of articles, 132 

Liver cancer role of schistosomiasis In etiology 
in Chinese 1 

Lungs experimental Ilaplosporanglum infection 3 
latent primary carcinoma of thyroid glntiel, 131 
tuliremia, report of laboratory infee tlon fatal on 
fifth day with early pulmonary involvement, 
autopsy, 388 

Lymjihangioma, cystic, 159 

Madura Foot See Mycetoma 
Maduromycosis See Mvcetoma 

Maier-Kussmaul Dlseaso See Periarteritis nodosa 
Malformations See "Monsters, and under names of 
organs and regions 
ilammary Gland See Breast 

Manges \\ L 'Melanoma of small intestine 22 
Marine D Periarteritis nodosa-llke lesions In rats 
fed thiouracll 325 

Martlanel, H S Importance of titles that accurately 
reflect subjects of articles 132 
Maun AI E Congenital glvcogcnlc tumors of heart 
G7 

Morphologic studies of rats deprived eif essential 
amino acids phenylalanine 291 
Mediastinum, casts and cystic tumors of, 153 
teratoma 113 

Mcinlcke Reaction Sec under Tuberculosis 
Melanoma of small intestine, 22 
Meninges diffuse meningeal flbroblastoma of brain 
and spinal cord , report of 3 cases, 287 
vascular tumors of 19G 
Meningioma mgioblastlc, 412 
angiomatous, 40G 

Mcnkin, V Chemical basis of fever with inflamma- 
tion 2S 

Mercury, experimental nephropathies renal jihos- 
phatase after poisoning with mercury bichloride, 
uranyl nitrate and potassium dichromate 133 
Merliss R Primary tumor of heart, 71 
Metals Sec also Alcrcury , etc 
experimental nephropathies, method of producing 
controlled selective injury of renal units by 
means of chemical agents, 103 
Methyl Cellulose Seo Cellulose 
Metliylcholanthrene, licnllng of wounds in si In of 
mice painted with 20-methylcholanthrene 257 
genetic analysis of induction of tumors bv 2 muta- 
tions arising in mice following injection of 
mtthylcholantlirenc 232 

Miller S E Tularemia, report of laboratoty infec- 
tion fatal on fifth dav with early pulmonary 
involvement, autopsy 388 

Mitchell N Latent primary carcinoma of thyroid 
gland 331 
Molds Sec Fungi 

Monsters ischlopagus tripus report of 2 cases, 
142 

Moss L D Paraphysinl cyst of third ventricle, 
184 

Mucous Membrane See under Folate , etc 
Mulligan It M Some endocrlnologlc considerations 
of canine neoplastic diseases, 162 
Muscles, proliferation of muscle cells In myometrium 
of nonpregnant uterus, 323 
Mutation See Heredity 

Mycetoma experimental reproduction of maduro- 
mycotic lesions in rabbits 358 
Phialopliora jeanselmei comb n from mycetoma 
of hand, 3G4 

Myeloma, myelomatosis 20G 
Myelomalacia See Spinal Cord 
Myocardium See Heart 

Mvoma, proliferation of muscle cells in myometrium 
of nonpregnant uterus 323 
Myometrium See Uterus 


Necrosis Sec tindtr Paninas 
Negri Bodies See Rabies 

Negroes, esophageal carcinoma in British Mist Indian 
and Panamanian Negroes, studv of Incidence 
etiologlc factors and p ithologic ntintomy In 50 
cases, 79 

Neoplasms Sec Sarcoma rumors 
Nephritis See also Kidneys, dlstasts 
studies on patboj enesis of glomerulonephritis, pro- 
duction of ntitoantlbodics to Kiilntv In experi- 
mental animals, 118 
Nephropathy Lee under Kielneys 
Nephrosis Sec Kidneys diseases Nephritis 
Nervts Seo Nervous System 
Cells See Neurons 

Nervous System See also Brain, Ccrcbcllim, Spinel 
Cord, etc 

morbid nnntomv of typhus ns seen in recent 
Gnntemnlnn epidemic, observations on disease, 
22G 

morjiliologic alterations of neuron due to tumor 
invasion 221 

Neurenterlc Canal, presaeral tv't apparently arising 
from neurenterlc canal In newborn infant, 2G5 
Neurohypojilnsls See Pituitary Body 
Neurons, morphologic alterations of neuron due to 
tumor invasion, 221 
Neutrojicnia See Agranulocytosis 
Newborn Infants, presaeral evst apparently arising 
from neurenterlc canal in 2G5 
Nomenclature classification of tumors of kldnev 
37 

Noran II II Intrae rnnlal vascular tumors and 
malformations 193 

Obituaries 

Arkwright loseph I'M 
Carrel Alexis, 6G 
(.rill, John C , 280 
I cdlngham Tolm 66 
Sachs Hans, 350 

Occupational Diseases See Industrial Diseases 
Odom, G L Morphologic alter itlons of neuron 
due to tumor invasion 221 
Ontogcnv See Evolution 

Urban B Vcutc agranulocytosis mltroseojde studv 
of ulccronccrotlc gingiva and of bone marrow 
In ease 3G9 

Organs morphologic studies of rats deprived of essen- 
tial amino acids phenvlnlnnlne, 291 
Osiers Disease See Telangiectasia 
Ossification See under Cartilage 

Palato ndenomyoepltheliomn (cvllndromn) of palatal 
mucous glands 96 

Pancreas necrosis in electric shock 9 
Panniculitis fatal 12 

Parkts A\ ebcr-Christlan Disease ^ec Panniculitis 
Pastes effects of abortlfaclent paste ( utrn-jel ) 
rejiort of death from its use and of experimental 
study of its effects on rabbits and rats, 91 
Pectin atheromatosis 120 
Periarteritis nodosa 211 

nodosa-llke lesions in rats feel thiouracll 325 
nodosa producing aneurvsm of renal artery and 
hypertension 271 

Pericardium, pericardial celomic evsts 155 
Permancnte Foundation Hospital Fellowship .50 
Phenylalanine, morphologic studies of rats dejirlved 
of essential amino acids, 291 
Phialojdiora See Fungi 

Phosjihatase, experimental nephropathies renal phos- 
phatase after poisoning with mercury bichloride 
uranyl nitrate and potassium ellchromate 133 
Phylogeny See I volution 
Pituitary Body metastatic tumors, 348 
neoplastic diseases of human hypophysis 313 
Pituitary Preparations, combined effects of estrogen 
and anterior hypophysial extract on skeleton 
of growing mouse, 381 
Plofz, Ella Sachs Plot? Foundation 131 
Pneumonia chronic exudative and indurative pneu- 
monia due to inhalation of shellac 281 
Poikllocy tosls in dairy cattle 351 
Poisons and Poisoning See also under names of 
specific substances, as Mercury , Saponin , etc 
expei imental nephropathies, method of producing 
controlled selective injury of renal units by 
means of chemical agents, 103 
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Poliak, 0 J Attempts to pioduce ceicbnl athero- 
sclerosis, 16 

Correlation between cliemic il and morphologic 
alterations In experimental atherosclerosis, 11 
Pollen See Anaphylaxis and Allergy, etc 
Potassium dicliromate , experimental nephropathies , 
renal phosphatase after poisoning with mercury 
bichloride, uranjl nitrate and potassium dl- 
chromate, 133 

Price, A H Periarteritis nodosa producing aneu- 
rvsm of renal artery and hypertension, 274 
Prizes See An aids 

Rabies histologic diagnosis of, 279 
Radiations See also Roentgen Rays, and under 
names of various diseases 
changes in uterus after eradication of endometrial 
adenocarcinoma by radiotherapy with reference 
to infarct-like radionecrotlc plaque in lining, 
237 

Radiotherapy See Radiations 
Reid J T Poikilocytosis in dairy cattle, 351 
Rendu-Osler Disease See Telangiectasia 
Reproduction, grants for work on problems of 131 
Reticuloendothelial System See Anemia, Liver, etc 
Retina Lindau's (von Hippel’s) disease, 411 
Roentgen Rays See also Radiations 
myelomalacia of cervical portion of spinal cord 
probably result of roentgen therapy 109 
Roentgenotherapy See tinder names of diseases 
Russell, H B Chronic exudative and indurative 
pneumonia due to inhalation of shellac, 281 


Sacrococcygeal Region, presacral cyst apparently 
arising from neurenteric canal in newborn in- 
fant 265 

Sapliir 0 Theory of transposition of arterial trunks 
based on phylogenetic and ontogenetic develop- 
ment of heart, 172 

Saponin poisoning and hypercholesteremia 131 
Sarcoma See also Angiosarcoma , Tumors , etc 
infectious or venereal, 168 

Schistosomiasis, role in etiology of canecr of liter 
in Chinese, 1 

Schlumbcrger, H G Ischiopagus tripus , report of 
2 cases, 142 

Schmitz H E Changes in uterus after eradication 
of endometrial adenocarcinoma by radiotherapy 
yyitli reference to infarct-like radionecrotlc plaque 
in lining, 237 

Sclerosis See Arteriosclerosis 
Secretions Internal See Endocrine Glands 
Serum See Blood 

Sickness See Anaphylaxis and Allergy 
Sex grants for work on problems of 131 
Shapera, W Diffuse meningeal flbroblastoma oi 
bram and spinal cord, report of 3 cases, 287 
Sheehan, J F Changes in uterus after eradication 
of endometrial adenocarcinoma by radiotherapy 
ttlth reference to Infarct-like radionecrotlc plaque 
in lining 237 

Shellac, chronic exudative and indurative pneumonia 
due to inhalation of, 281 

Shock Anaphylactic See Anaphylaxis and Allergy 
Electric See Electricity 

Silberberg, M Combined effects of estrogen and 

anterior hypophysial extract on skeleton of glow- 
ing mouse, 381 

Healing of wounds in skin of mice painted with 
20-methylcholantlirene 237 
Silberberg, R Combined effects of estrogen and 

anterior hypophysial extract on skeleton of grow- 
ing mouse 381 

Healing of wounds in skin of mice painted yyith 
20-methylcholanthrene, 257 
Simonds, T P Experimental nephropathies, method 
of producing controlled selective injury of renal 
units by means of chemical agents 103 
Experimental nephropathies, renal phosphatase 
after poisoning with mercury bichloride, uranyl 
nitrate and potassium dichromate, 133 
Sinus Pericranii See Cranium 
Skeleton See under Bones 

Skin, healing of wounds in skin of mice painted 
with 20-methylcholantlirene 257 
Societies, American Association for Cancer Research 
131 

Federation of American Societies for Experimental 
Biology 131 
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Public Healtli Cancer Association, 66 \j 

Society of American Bacteriologists, 131 
Specimens new hemoglobin stain for histologic use , 
slightly modified Van Gieson stain 49 
Spinal Cord Sec also Meninges, Nervous System, 
etc 

diffuse meningeal flbroblastoma of bram and spinal 
cord, report of 3 cases, 287 
myelomalacia of cervical portion of spinal cord, 
probably result of roentgen therapy, 109 
Stains and Staining, nery hemoglobin stain for histo- 
logic use , slightly modified 1 an Gieson stain, 

49 

Stern, K Morphologic alterations of neuron due to 
tumor imasion 221 

Stc\enson, L D Myelomalacia of cervical portion 
of spinal cord, probably result of roentgen 
therapy, 109 

Stewart, H C Diffuse meningeal flbroblastoma of 
bram and spinal cord, report of 3 cases, 287 
Stomach See also Gastrointestinal Tract 

gastric cysts 158 

Straus, R Effects of abortifacient paste ("utra- 
jel”) , report of death from Its use and of 
experimental study of its effects on rabbits and 
rats, 91 

Frlmary tumor of heart, 74 
Streptococci, experimental hypertension, its produc- 
tion in dogs by intrnvenous injection of strepto- 
cocci, 81 

studies on pathogenesis of glomerulonephritis, pro- 
duction of autoantibodies to kidney in experi- 

mental animals, 148 

Strong, L C Genetic analysis of induction of tu- 
mors by methvlcholnnthrene , 2 mutations arising 
in mice following injection of metliylcholanthrene, 
2t2 

8turgc-\t cber Disease See Angioma 
Sulfonamides pathology of anaphylaxis due to sulfon- 
amide drugs 301 
Suprarenals See Adrenals 

Sutton J B Presacral cyst apparently arising 
from neurenteric canal in newborn infant, 265 
Symmers D Experimental reproduction of maduro- 
mvcotic lesions in rabbits 358 
Syphilis See under names of organs, regions and 
diseases 

Telangiectasia, 397 

Teratoma epidermoid cyst and dermoid cyst, 153 
medinstinnl, 113 
Thesxurosis See Cellulose 

Thiourncil, periarteritis nodosa-like lesions In lats 
fed thiourncil, 325 

Thompson, E C New hemoglobin stain for histo- 
logic use , slightly modified 1 an Gieson stain 
49 

Thorax See Heart, Lungs, Mediastinum, etc 
Thyroid, hypothyroidism 128 
latent primary carcinoma of thyroid gland 331 
Tissue See Cells 
Adipose See Fat 

Titles importance of titles that accurately reflect 
subjects of articles, 132 

Tomlinson W J Esophageal caicinoma in Biitish 
Vest Indian and Panamanian Negroes, study of 
incidence etiologic factors and pathologic 
anatomy in 50 cases, 79 

Towne, J Changes in uterus after eradication of 
endometrial adenocarcinoma by radiotherapy with 
reference to infarct-like radionecrotic plaque in 
lining 237 

Tuberculosis and bronchial asthma 338 
Tularemia, report of laboratory infection fatal on 
fifth day with early pulmonviv involvement, 
autopsy, 388 

Tumors See also Adenocarcinoma , Adenoma 
Angioma Glioma Lymphangioma Melanoma 
Sarcoma , Teratoma , and under names of organs 
and regions as Breast, Cranium, Heart, Kid- 
neys Meninges Pituitary Body, etc 
classification, intracranial vascular tumors and 
malformations 394 
classification of tumors of kidney, 37 
epideimoid cyst, dermoid cyst and teratoma, 153 
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Tumors — Continued 

genetic analysis of Induction of tumors by metliyl- 
cliolanthrene , 2 mutations arising In mice fol- 
lowing Injection of methylcholanthrene 232 

morphologic alterations of neuron due to tumor ln- 
raslon, 221 

some endocrlnologlc considerations of c mine neo- 
plastic disonses, 102 

Typhus, morbid anatomy as seen in recent Guatemalan 
epidemic, observations on disease, 22G 

Ultraviolet Rays Sec Radiations 

Uranyl nitrate, experimental nephropathies, renal 
phosphatase after poisoning with mcreury bi- 
chloride, uranyl nitrate and potassium dl- 
cliromato, 133 

Urinary Tract See Kidneys 

Uterus, changes after eiadlcatlon of endometrial 
adenocarcinoma by radiotherapy with reference 
to infarct-llhc radlonecrotlc plaoue In lining 
237 

effects of abortifacient paste ( 'ntra-jel ') report 
of death from Its use aud of experimental study 
of Its effects on rabbits and rats 91 


Uterus — Continued 

proliferation of muscle cells In myometrium of non- 
pregnant uterus 323 
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